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ABSTRACT 
 
Stormwater attenuation policy has, over recent years, become a highly contentious issue 
for the property development community. Increased urbanisation, locally and 
internationally, has forced municipal authorities to reconsider the role of stormwater 
management in this evolving urban landscape.  It is within this context that the legislative 
support and municipal policy for stormwater management in the City of Johannesburg 
has been explored, particularly in terms of the economic impact on property developers. 
 
The research aimed to explore the relationship between stormwater attenuation policy 
and the economic impact thereof on private property developers. Consideration was 
given to the cost, risk and time factors of legislative and policy requirements within the 
development process. Further consideration was given to the physical environment that 
has brought about current pressures. 
 
Based upon research of international issues highlighted in countries with well developed 
attenuation policy, a questionnaire was constructed to evaluate the response of local 
private property developers to selected issues as key sub-problems. The responses 
were tested against the developed set of hypotheses. 
 
The research indicated that developers had a generally poor level of knowledge with 
regard to the stormwater management policy of the City of Johannesburg, as well as the 
supporting legislative requirements of provincial and national policy documents. The 
results of the survey also indicated that developers were strongly opposed to the loss of 
developable area, but indicated a limited financial impact of the current stormwater 
attenuation policy.  
 
The risk inherent in incorporating an attenuation facility within a development was 
identified as being low with little perceived impact. Developers further indicated that the 
inclusion of attenuation facilities was seen as a significant contributing factor in the 
delay, approval and acceptance of new developments in which attenuation facilities 
were required, while maintenance costs were indicated to be of a low level of 
importance. 
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Recommendations in response to the research findings included the establishment of 
detailed policy documentation and support for effective distribution channels in 
conjunction with industry and public focused information campaigns, improved municipal 
capacity and a greater level of technical support. A need for additional stormwater 
research and an increase in the capture of relevant data for GIS purposes was 
identified. 
 
Keywords: stormwater, attenuation, economic, pond, detention. 
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CONTENTS OF THE STUDY 
 
The study is comprised of an introduction to stormwater attenuation concepts and 
principles as a foundation for the literature review. The review considers the current 
status of stormwater attenuation policy and the associated economic impacts locally and 
internationally. 
 
Within a local context both the current and proposed future states of stormwater policy 
relevant to the City of Johannesburg are considered. Included is an overview of the 
legislative controls surrounding attenuation policy at local, provincial, national and 
international levels. 
 
Key policy trends and the associated impacts of these are considered in relation to the 
perceived economic impact on private property developers.  Consideration is given to 
both the direct and indirect financial impact, in addition to the potential risk costs 
imposed by liability and maintenance issues. 
 
The data collected through the use of structured questionnaires has been analysed, and 
the resultant findings evaluated in relation to the hypotheses in order to establish levels 
of support for each. Hypotheses have been tested based on the underpinning data. 
 
The final component of the research presents the salient findings, draws a set of 
conclusions based thereon, and finally aims to provide recommendations for future 
action and policy structure with regard to stormwater attenuation policy in the City of 
Johannesburg’s regional context. 
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1. THE PROBLEM AND ITS SETTINGS 
 
1.1 THE PROBLEM STATEMENT 
 
Scope, implementation and enforcement of stormwater attenuation policy in 
Johannesburg is perceived to negatively impact on private property developers. 
 
1.2 THE SUB-PROBLEMS 
 
1.2.1 Sub-Problem 1 
 
To investigate the current state of stormwater attenuation policy and regulation 
awareness within the private property development community. 
 
1.2.2 Sub-Problem 2 
 
To investigate the perceived cost implications of stormwater attenuation policy on project 
feasibility, and the impact of attenuation pond inclusion on property values. 
 
1.2.3 Sub-Problem 3 
 
To investigate the impact of stormwater attenuation facility inclusion on project 
maintenance costs and direct attenuation policy related delays. 
 
1.2.4 Sub-Problem 4 
 
To investigate the levels of resistance to stormwater attenuation policy implementation 
by private property developers as a function of expanded risk. 
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1.3 THE HYPOTHESES 
 
The current implementation of the storm water attenuation policy is perceived to be an 
economic obstacle and potential risk to development projects, while posing both safety 
and environmental concerns, coupled with increased lifecycle maintenance costs. It is 
hypothesised that current market perceptions are reinforced through a lack of education 
and poor awareness of national and local policies affecting the management of 
stormwater, and the associated environmental considerations. 
 
 
1.3.1 Hypothesis 1 
 
The CoJ attenuation policies and legislation are poorly communicated and promoted to 
the development community.  
 
1.3.2 Hypothesis 2 
 
The inclusion of stormwater attenuation has a negative impact on project feasibility and 
surrounding property values. 
 
1.3.3 Hypothesis 3 
 
The inclusion of stormwater attenuation facilities increases project maintenance costs 
and is identified as a common source of project delay. 
 
1.3.3 Hypothesis 4 
 
Strong levels of resistance to attenuation policy exist in the development community as 
a result of increased risk and additional cost factors. 
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1.4 THE DELIMITATION OF THE STUDY 
 
The broad scope and complex interrelationship between economics, environment, and 
legislation related to urban storm water management requires a narrow focus to meet 
the research objectives. The following limitations to the proposed research have been 
adopted:  
 
• Research was confined to active private property developers of residential, 
commercial, and industrial property in the Johannesburg Area; defined as 
Johannesburg Municipal Regions A,B,C,D,E,F & G. See Appendix “A” for 
the City of Johannesburg Regional Demarcation Diagram. 
 
• The study is limited to developers that have developed, or will develop 
facilities subject to attenuation regulations within the past four years, or 
within the forthcoming eighteen month period. 
 
• The sample group has been generated based on information obtained from 
consulting engineers active in the stormwater management field, members 
of the South African Property Owners Association (SAPOA), as well as 
developers identified by the City of Johannesburg. 
 
 
NOTE: The local policy details under consideration are based on the specific legislative 
requirements of the City of Johannesburg, and may not be entirely applicable to other 
local authorities within the Republic. 
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1.5 DEFINITION OF TERMS 
 (Note that in the context of urban stormwater management in Johannesburg by way of  
“wet” or “dry” ponds the terms “attenuation” and “detention” are often used 
interchangeably.)   
 
“Attenuation” means a reduction of the peak flow and the increased duration of a flow 
event (CIRIA, 2007). 
 
“Catchment” means the area contributing surface water flow to a point on a drainage or 
river system and can be divided into sub-catchments (CIRIA, 2007). 
 
“Detention basin” means a vegetated depression, which is normally dry except after 
storm events, constructed to store water temporarily to attenuate flows, and may allow 
infiltration of water to the ground (CIRIA, 2007). 
 
“Development” means any man made change to property, including but not limited to 
the construction or upgrading of buildings or other structures, filling, paving, municipal 
services etc. (Brooker, 2006:A-1). 
 
“Evapotranspiration” means the process by which the Earth’s surface or soil loses 
moisture by evaporation of water and by uptake and then transpiration from plants 
(CIRIA, 2007). 
 
“Impermeable” means it will not allow water to pass through it (CIRIA, 2007). 
 
“Permeability” means a measure of the ease with which a fluid can flow through a 
porous medium. It depends on the physical properties of the medium, for example grain 
size, porosity and pore shape (CIRIA, 2007). 
 
“Piped system” means conduits generally located below ground to conduct water to a 
suitable location for treatment and/or disposal (CIRIA, 2007). 
 
 “Pollution” means the direct or indirect alteration of the physical, chemical or biological 
properties of a water resource (South Africa, 1998a: 8). 
 
“Post-Development” means the conditions which exist following the completion of the 
land disturbing activity in terms of topography, vegetation, land use and rate, volume or 
direction stormwater run-off (South Carolina (United States), 2002:5). 
 
“Pre-Development” means the conditions which existed prior to the initiation of the land 
disturbing activity in terms of topography, vegetation, land use and rate, volume or 
direction of stormwater run-off (Ibid). 
 
“Run-off” means water flow over the ground surface to the drainage system. This 
occurs if the ground is impermeable, is saturated or if rainfall is particularly intense 
(CIRIA, 2007). 
 
“Stormwater” means water resulting from natural precipitation and/or accumulation and 
includes rainwater, groundwater, and spring water, but excludes water in a water or 
wastewater reticulation system (Brooker, 2006:A-2). 
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1.6 ABBREVIATIONS USED 
   
ADSS Adaptive Decision Support System 
BMP Best Management Practice 
CASQA California Stormwater Quality Association 
CIRIA Construction Industry Research and Information Association (U.K.) 
CMA Catchment Management Agency 
CMP Catchment Management Plan  
CoJ City of Johannesburg 
CWA Clean Water Act (U.S.A) 
DEFRA Department for Environment , Food and Rural Affairs (U.K.) 
DWAF Department of Water Affairs and Forestry 
EIA Environmental Impact Assessment 
EPA United States Environmental Protection Agency  
ICMP Integrated Catchment Management Plan 
IDP Integrated Development Plan 
IWRM Integrated Water Resources Management 
IWRMP Integrated Water Resources Management Plan 
JRA Johannesburg Roads Agency (Pty) Ltd. 
KPI Key Performance Indicator 
LEED® Leadership in Energy and Environmental Design 
LIUDD Low Impact Urban Design and Development 
NAHB National Association of Home Builders (U.S.A)  
NPDES National Pollution Discharge Elimination System 
NRCS National Resources Conservation Service (U.S.A) 
NRDC Natural Resources Defense Council (U.S.A) 
NWA National Water Act, Act 36 of 1998 
NWRS National Water Resource Strategy  
NZWERF New Zealand Water Environment Research Foundation 
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RSDF Regional Spatial Development Framework 
SDP Site Development Plan 
SNIFFER Scotland and Northern Ireland Forum for Environmental Research 
SUDS Sustainable Urban Drainage Systems 
TDS Total Dissolved Solids 
USDA United States Department of Agriculture 
USEPA United States Environmental Protection Agency 
USGBC United States Green Building Council 
WRC Water Research Commission 
WSUD Water Sensitive Urban Design 
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1.7 THE ASSUMPTIONS MADE 
 
Key assumptions relevant to the research topic are that all attenuation facilities are 
designed and implemented by a professional engineer, in compliance with the requisite 
national, provincial and local authority regulatory and safety requirements. 
 
 
1.8 THE IMPORTANCE OF THE STUDY 
 
The study endeavours to explore the perceptions of the potential economic impact of the 
current and proposed City of Johannesburg storm water attenuation policies, as applied 
by the Johannesburg Roads Agency. The research is a means of generating an 
empirical dataset to establish the perceived trends, and identify key underlying issues 
associated with the research topic. 
 
The dataset serves to support or refute the anecdotal negative impressions currently 
prevalent within the private property development community. 
 
The results of the research are a contribution to creating a catalyst for the further 
development and refinement of storm water management policy, particularly with 
regards to attenuation requirements in areas under the jurisdiction of the Johannesburg 
Roads Agency. The study aims to highlight relevant issues that may be of assistance in 
creating a more efficient, sustainable and effective stormwater policy, as well as 
stimulating debate on the subject. 
 
The findings of the research further aim to provide a consolidated view of current 
concerns and may form the basis for greater role player involvement in developing policy 
to shape the future urban stormwater development landscape, while aiming to highlight 
potential problem areas that may be suitable for future research undertakings. 
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CHAPTER 2 
 
STORMWATER ATTENUATION AND THE ASSOCIATED POLICIES; 
A REVIEW OF THE RELATED LITERATURE 
 
2.1 INTRODUCTION 
 
Johannesburg has been a city faced with stormwater challenges from the very outset of 
the expansion of the original tented mining camp established in 1886. Reports from the 
town engineer between 1901 and 1903 highlighted the extensive damage caused by 
stormwater in the rainy season. By 1913 the entire region known as the “West 
Quadrant”, including Braamfontein, Fordsburg and Newtown had been reticulated with 
an underground piped system (Whitlow & Brooker, 1995).  
 
The impact of urbanisation on the watersheds of Johannesburg is directly related to the 
actions and policies of city planners in terms of spatial development and the design of 
engineering services that shape the infrastructure in conjunction with the environmental 
objectives of the city’s expansion plans. The urbanisation process occurs within the 
framework of complex regulatory requirements at local authority, provincial and national 
level. 
 
The development and urbanisation of the city has a long term and permanent impact on 
the landscape on which it occurs, and as such requires careful planning and interaction 
between all parties involved. This effort results in the ability to create sustainable 
solutions that achieve a balance between environmental and economic impact 
characteristics, in conjunction with optimal resource utility. 
 
The recent property boom that has occurred in South Africa has placed the entire 
planning, assessment and approval process under immense pressure. Industrial, 
commercial and residential development appears driven by a growing number of private 
developers as supported by data from Statistics South Africa (2005). Development of 
this nature generally has high holding costs that can be adversely affected by 
unforeseen project delays. 
 
The result of heavily increased development levels and densities has led the local 
authority to implement measures to control the increased stormwater run-off at source, 
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through the implementation of source control measures in the form of the current CoJ 
stormwater attenuation policy.  
 
Current regulatory requirements state that the peak post development outflow shall not 
exceed the pre-development peak discharge for a given storm event (Wolvaardt, 2005). 
The discharge objectives are required to be achieved through the inclusion of a privately 
constructed, owned and maintained attenuation pond on each new development site. 
 
In order to examine the economic impact of the CoJ stormwater attenuation policy the 
review of the related literature has a focused construction broken down into four core 
components that seek to provide a balanced perspective of prominent issues.  
 
The first component comprises a brief overview of the concepts and principles relevant 
to understanding the implications and interaction between development and the 
environment through basic urban hydrology. The overview provides a preamble to the 
consideration of the economic impact of control policies on private developers. 
 
The second component is an overview of the driving forces behind local and 
international trends in stormwater management and Best Management Practice. This 
serves to place the study and associated issues in context, and to highlight major 
motivating pressures behind the development of the attenuation policy under 
consideration.  
 
The third component is a review of the local and international regulatory environment, 
and the relation thereof to the current and proposed stormwater regulations affecting 
private property developers in the Johannesburg area. The local regulatory environment 
comprises national, provincial and local government legislation. 
 
In light of the preceding considerations the final component focuses on the economic 
implications of stormwater policy as presented in the preceding evaluation of the policy, 
and the impact thereof on private property developers and developments. 
 
Further consideration is given to the long term implications and responsibility for facility 
maintenance and the associated liability as a function of economic sustainability. The 
impact of incorporating the required measures on land value and project feasibility is 
also considered. 
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2.2 STORMWATER ATTENUATION 
 
2.2.1 An Overview of Stormwater Attenuation Principles 
 
The key principles of stormwater attenuation relates to the physical alteration to the 
timeframe and peak discharge rate of run-off emanating from a catchment area, through 
the incorporation of a temporary storage facility.   
 
Construction of an attenuation pond allows the flow from a storm event to be captured, 
stored, and released back into the natural system at a slower rate than would have 
otherwise occurred without intervention. 
 
Fig 2.2.1.1 indicates a typical stormwater hydrograph reflecting the reduced peak flow 
and time shift as a result of incorporating an attenuation component. The higher post 
development peak flow is mitigated through attenuation and the resultant increased time 
interval to discharge as depicted by the Pennsylvania Department of Environmental 
Protection - Bureau of Watershed Management (2006). 
 
Figure 2.2.1.1: Typical run-off hydrograph for pre, post & attenuated stormwater flows. 
Source: Adapted from Pennsylvania (United States). Department of Environmental  
Protection - Bureau of Watershed Management, 2006. 
 
One of the primary reasons driving the need to reduce stormwater run-off is the 
accommodation of increased surface impermeability resulting from increasing density 
and urbanisation. The attenuation system attempts to buffer the increased run-off 
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generated by urban landscapes through temporary storage, and to control the 
differential between pre and post development states of flow.  
 
Figure 2.2.1.2 provides a clear visual indication of the impact of development on the 
typical water paths as the permeability of the surface landscape is altered. 
 
 
Figure 2.2.1.2: Impact of urban development on run-off volumes. 
Source: Adapted from The Boston Consulting Group (2004). 
 
The growing trend in Johannesburg is the development of smaller erven as a result of 
the urban densification policy as outlined in the IDP (City of Johannesburg, 2007). As 
the size of stands has decreased, the coverage of the land with impermeable surfacing 
has increased, leaving minimal exposed natural surface. 
 
Current aerial photography comparisons provide a visual indication of the dramatic 
increase in hard surfacing and roof area with a commensurate reduction in the available 
permeable vegetated areas. Appendix B provides a comparison between the 2000 and 
2006 CoJ aerial photography series for selected nodes in the current development 
zones north of Johannesburg. Densification is clearly evident in the 2006 images (City of 
Johannesburg, 2007b). 
 
The South Carolina Department of Health and Environmental Control define the pre and 
post development states as follows:  
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  ““Pre-Development” means the conditions which existed prior to the initiation 
of the land disturbing activity in terms of topography, vegetation, land use 
and rate, volume or direction of stormwater run-off.” 
  
““Post-Development” means the conditions which exist following the 
completion of the land disturbing activity in terms of topography, vegetation, 
land use and rate, volume or direction of stormwater run-off.” (South 
Carolina (United States). Department of Health and Environmental Control, 
2002:5). 
 
Attenuation pond facilities are one of many internationally recognised stormwater related 
BMPs that attempt to control and manage urban run-off. Fig. 2.2.1.3 provides an 
example of a typical stormwater attenuation layout north of Johannesburg. The figure 
provides an indication of the developable land sacrifice required to accommodate a 
typical pond footprint relative to development size. 
 
Figure 2.2.1.3: Typical attenuation pond layout - Kyalami, Johannesburg. 
Source: KSS Consulting Engineers (2005). 
 
Attenuation ponds can be constructed individually to serve each new development; 
alternately larger ponds can be employed to form the basis of a regional attenuation 
scheme, or as part of an “off-site” storage facility.  
 
Ponds may be constructed in two relationships; “in-line”, namely as part of an existing 
water course, or alternately “off-line”, whereby ponds are constructed away from the 
main water course. 
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The current policy as supported by the regulatory framework governing stormwater 
control measures in the Johannesburg metropole generally apply attenuation ponds on a 
per development basis due to the fragmented nature of current private development 
projects. 
 
The local policy is in contrast to the many systems adopted in the United Kingdom and 
United States whereby regional pond systems are not uncommon as indicated by the 
SNIFFER image indicated in Fig. 2.2.1.4 below. The use of large regional stormwater 
attenuation has not been widely adopted in Johannesburg, possibly resulting from the 
relatively new policy implementation, and further complicated by the fragmented private 
and public land ownership patterns identified by Botha (2005).  
 
 
Figure 2.2.1.4: Regional stormwater ponds – Dunfermline, Scotland. 
Source: Adapted from Apostalaki & Jefferies (2005). 
  
The water retaining nature of attenuation ponds is determined by the type of 
construction adopted. Systems can be constructed to exist in a permanently wet state, 
containing a permanent pool of water, commonly referred to as a “wet pond” as 
indicated in Fig. 2.2.1.5.  
 
The benefit of the “wet” type of pond approach relates to the far more effective pollutant 
and suspended solids removal when compared to a typical “dry” pond. As such “wet” 
ponds have gained popularity as more stringent pollution control regulations are 
implemented internationally. The USDA indicated a wet pond solution as a preferential 
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BMP for the control of urban stormwater in terms of peak, volume and water quality 
control. 
 
 
 Figure 2.2.1.5: Typical plan & profile of “wet” pond.  
 Source: Adapted from USDA-NRCS (2000). 
 
 
Ponds may also be constructed “dry”, such that they only contain water for a limited 
period after a storm event; this approach is the most common encountered in the study 
area under the CoJ jurisdiction, and is largely dictated by current CoJ stormwater 
management policy. 
 
The dry pond type reduces peak flows, but is not well suited to any significant pollution 
control activities. Fig. 2.2.1.6 indicates a typical example of an extended “dry” pond. 
 
Dry pond construction may be implemented through the shaping of a natural earth 
embankment pond, or in cases of limited surface area or restrictive terrain as a 
constructed concrete or masonry facility, although these are generally adopted as a last 
resort due to cost, aesthetics and safety issues. 
 
Appendix C provides a photographic overview of the pond structures typically 
encountered under the current CoJ stormwater attenuation policy. 
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 Figure 2.2.1.6: Typical plan & profile of extended “dry” pond. 
 Source: Adapted from USDA-NRCS, (2000). 
 
Fig. 2.2.1.7 indicates an image of a local “dry” attenuation pond immediately after 
completion of the construction phase, and prior to landscaping. The outlet structure is 
clearly visible near the base of the pond excavation, once landscaped the pond will form 
a dry, grassed depression between rainfall events. 
 
 
Figure 2.2.1.7: Local “dry” attenuation pond nearing completion, Johannesburg. 
Source: KSS Consulting Engineers, (2005). 
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The preceding discussion provided a brief overview of the technical concepts applicable 
to stormwater attenuation as applied in the urban landscape.  
 
A complete technical description of attenuation is beyond the scope of the research 
undertaken. The complexities of individual sites and the regulatory framework under 
which developments are conducted preclude a more detailed analysis. 
 
Attenuation facilities are but one of the many stormwater approaches and Best 
Management Practices available internationally, but form the main component of the 
current CoJ stormwater management policy.  
 
A number of alternate stormwater BMPs and techniques exist internationally but as of 
yet are not formally recognised or accepted by local authorities in South Africa. 
 
The overview serves to highlight the pertinent aspects of stormwater management that 
have considerable bearing on the economic aspects of development beyond a pure 
engineering perspective. 
 
Stormwater is not only a problem for an engineered solution, but is in fact a complex 
issue that transcends the traditional boundaries of the technical disciplines and 
encompasses a great deal of social, legal and environmental interaction, in a world 
where focus is turning to the concept of sustainability and integration. 
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2.3 URBAN STOMWATER MANAGEMENT - THE POLICY CATALYST 
 
2.3.1 Urbanisation and Stormwater Management 
 
Land is considered a scarce and fragile asset that relates to the social, economic and 
environmental state of mankind and is subject to physical alteration in pursuit of 
satisfying human needs.  A global trend has emerged in pursuing “… integrated planning 
for sustainable management of land resources” (South Africa. Ministry of Agriculture & 
Land Affairs, 2001). The integrated approach is seen as a response to the continued 
failure of conventional land use planning to provide improvements in land management. 
Schueler (2000) identified land use planning as the most important tool in addressing the 
impact of development on watersheds. 
 
The global trend of urbanisation has led to vast increases in population densities in the 
major metropolitan areas around the world. This urban growth results in focused 
densification of relatively small areas placing the environment under significant stress. 
The rapid expansion, development, and re-development of commercial and residential 
properties and the associated densification of the built environment have resulted in an 
increasing impact on natural and engineered watercourses and the adjacent riparian 
areas. The extent of development is highlighted by a comparison of the total national 
value of building plans passed in 2001 (20 billion Rand) and 2005 (69 billion Rand), as 
indicated by Statistics South Africa (2001, 2005), showing major growth in the key 
metropolitan areas. The growth in approved plan value supports the indication of 
accelerating rates of urbanisation in South Africa. 
 
Appendix B provides a visual indication of the rapid densification through comparison of 
aerial photography between 2000 and 2006 for development nodes in the Northern 
Johannesburg area. The regional Fourways images provide a clear indication of the 
extent of the development impact on surface morphology. 
 
The fundamental motivation behind current stormwater attenuation policy globally is the 
increasing level of stormwater run-off generated by continuing urbanisation and urban 
development (South Africa. Department of National Housing & The National Housing 
Board. 1994). South Africa is a rapidly urbanising landscape around the major cities and 
has reached an urbanisation level of 57%. This trend is projected to reach a level of 73% 
urbanisation by 2010 (Delta Environmental Centre, n.d.).  
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The current policy trend both locally and internationally, is the densification of existing 
urban areas to contain urban sprawl and clearly delineate the urban / rural boundary in 
an effort to create more compact cities (Williams, 2004).  
 
In an analysis of the urbanisation trend Williams (2004) found that the densification 
objectives pursued by developed countries were significantly inappropriate for 
application in developing countries and created complex problems not easily resolved. 
 
Densification is promoted at a municipal level in a bid to limit the outward city sprawl and 
the cost associated with the extension of expensive infrastructure required to service 
these extensions. Furthermore, increased densities support town planning objectives 
and provide an increased rates base for local authorities (Botha, 2004), but among the 
unintended consequences of these policy decisions, are the increased impermeability of 
the urban landscape. The inadvertent result of this policy is a considerable increase in 
urban stormwater generation. 
 
The increased development levels have replaced previously pervious surfaces with 
impervious areas such as roof area, paving and roadways (Klein, 2003). The combined 
effect of these elements is that storm water run-off reaches natural water courses over a 
shorter period of time through reduced lag and consequent reduced time of 
concentration. Greater volumes of run-off are generated than existed under pre-
development conditions for the same undeveloped land area. The increased urbanised 
stormwater run-off is directly attributable to the prolific increase in the ratio of impervious 
surface to pervious (Hoagland, Parikh, Shuster, Taylor & Thurston, 2005). 
 
An analysis of historical records by Whitlow and Brooker (1995a) provides an indication 
of the hydrological impact of urban development on the catchment area of the 
Braamfontein Spruit in Johannesburg; significant negative impacts were already 
identified in the 1930s and have continued to grow in parallel to the changing form of the 
city. 
 
Local authorities have identified densification and the increased land use intensity of 
established areas as key risks to be addressed by on-site attenuation (City of 
Johannesburg, 2003). Development of previously undeveloped agricultural holdings and 
peri-urban areas for residential and commercial use have the potential to impact on the 
capacity of current infrastructure in the Northern areas of Johannesburg (ibid). 
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The officially recorded population of the Johannesburg area increased by more than half 
a million inhabitants between the periods 1996 to 2001. The population growth trend 
exhibits little sign of abating, and points to ongoing pressure for urban expansion and 
densification in both the formal and informal housing sectors. Globally it is projected that 
the urban population will comprise 60% of the world’s inhabitants by 2030 (City of 
Johannesburg, 2004). 
 
The accommodation of high levels of urbanisation can only take place with major 
changes to the physical landscape. The large scale urbanisation of an area has the 
potential to threaten both the biodiversity and the ecosystem functioning of the affected 
areas. This occurs through surface modification of the soils and landscaping in 
combination with increased motor vehicle infrastructure (South Africa. Water Research 
Council & Department of Water Affairs and Forestry, 2006). 
 
The large impervious areas of surface related to vehicles including roadways, parking 
areas and driveways in conjunction with rooftops and modified urban soils are major 
contributors to high levels of urban stormwater run-off.  
 
Robson, Spence and Beech (2005) identify a clear linkage between an increasing 
coverage of impervious surface to a declining biological state of natural watercourses. 
 
 “Worldwide, at least one third of all developed urban land is devoted to roads, parking 
lots, and other motor vehicle infrastructure.” (National Resources Defense Council,  n.d.) 
 
Further impacts related to urbanisation include (Stone, 2004) 
 
• Stream channel erosion 
• Diminished groundwater recharge 
• Impact on regional climate 
• High levels of run-off intensity 
• Degradation of streams, rivers and lakes 
 
In addition to the impacts listed above, a further addition to the environmental system 
through the stormwater transport mechanism is urban litter. Studies carried out in the 
City of Cape Town indicated the city drainage system accumulated 3544 tons of litter per 
year based on 2003 land use data (Armitage, Marais & Wise, 2004). 
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Table 2.3.1.1 presents a summarised overview of the major impacts attributed to 
increased stormwater run-off due to urbanisation. The impacts considered encompass 
environmental, ecological and physical characteristics within the affected landscape and 
environment.  
 
Table 2.3.1.1: Impacts of increased stormwater run-off due to urbanisation. 
 
Impact of urbanisation on 
stormwater run-off Consequence of impact 
 
 Flooding
Habitat loss 
(e.g.  loss of 
riparian areas, etc.)
Erosion
Channel 
widening 
Streambed 
alteration 
Increased volume • • • • • 
Increased peak flow • • • • • 
Increased peak flow duration • • • • • 
Increased stream temperature  •    
Decreased recharge causing 
decreased base flow 
 •    
Changes in sediment loadings • • • • • 
Subsequent impacts The above consequences result in loss of ecological 
integrity and a significant reduction in the purification 
ability of natural water systems 
Source: Adapted from the National Resources Defence Council Website (2007). 
 
Modification of the natural landscape through urbanisation has resulted in a pronounced 
increase in impervious surfaces, resulting in increased peak flow, increased flow 
duration, and increased run-off volume (Clean Water Network, n.d.).   
 
As the extent of a watershed is developed there is a steady decrease in the ability of 
stormwater to infiltrate into groundwater due to increased impervious surfaces and the 
removal of complex natural barriers and storage in the form of vegetation.  
 
The removal of vegetation further reduces the natural hydrological mechanisms through 
the reduction of transpiration and evaporation from the landscape. Figure 2.3.1.1 
provides a simplistic comparative indication of the pre and post development localised 
hydrological cycle for a typical residential development. 
 
The reduced vegetative cover increases run-off, while decreasing interflow levels with 
potential to negatively impact baseflow conditions. The urban forest canopy was 
identified as being responsible for up to a 17% reduction in stormwater run-off volumes 
(Schueler, 2000).  
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Figure 2.3.1.1: Pre vs. post development localised hydrological cycle. 
Source: Adapted from Maryland Department of Environment Website (2007). 
 
Common past response to run-off management has been the replacement of natural 
streams with concrete canal systems and piped systems. It is estimated that in 1995 the 
southern Braamfontein Spruit catchment area comprised of over 85000m of piped 
drainage (Whitlow & Brooker, 1995). Hard engineered conveyances are no longer 
considered a sustainable stormwater approach. Appendix C provides a photographic 
compilation of current stormwater management structures and the existing state of 
urban water courses. 
 
One of the strategic examples cited by the DWAF to operationalise the IWRM strategy is 
the de-canalisation and re-vegetation of watercourse sections in a bid to rehabilitate 
natural stream courses (South Africa. Water Research Council & Department of Water 
Affairs and Forestry, 2006).  
 
The extensive canalisation of Johannesburg’s water courses has occurred since the 
early 1900s. Appendix C includes images of the Parkview Golf Course canal that was 
effected over a two decade period in various stages, at considerable economic cost. The 
canalization became a major contributor to downstream erosion after completion 
(Whitlow & Brooker, 1995a). 
 
International efforts to address stormwater management issues in the urban 
environment have resulted in numerous acronyms for systems based on fundamentally 
similar approaches. While differing in acronym each approach aims to meet the 
demands of urban drainage through effective design and management.   
Stormwater management is not a recent problem as previously indicated, nor is it unique 
to South Africa, but affects all urbanising cities. The significance of stormwater can be 
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seen by the vast levels of research and policy that have evolved to address the main 
issues internationally.  
 
The issues are of such concern that the European Union have launched a Pan-
European initiative to develop an Adaptive Decision Support System (ADSS) for the 
integration of stormwater source control into sustainable urban water management 
strategies under the “Project Daywater” initiative (Martin, Ruperd & Legret, 2006). 
 
The awareness of stormwater related policy is further supported through the 
establishment of dedicated web resources relating to stormwater issues such as The 
Western Australian Stormwater Authority and The Florida Stormwater Association 
among others (South Africa. Water Research Commission & Department of Water 
Affairs and Forestry, 2006). 
 
2.3.2 Pollution of Urban Stormwater 
 
The contamination of run-off has become a major concern in many developed countries 
and is specifically addressed in regulations such as the American Federal Pollution 
Control Act, 2002 (United States of America, 2002). The green building certification 
program, LEED®, awards points based on the level of treatment provided to stormwater 
released from a site as part of the ranking and certification process (United States Green 
Building Council, 2007). 
 
International sustainability objectives have identified the contamination of stormwater as 
a major issue to be addressed through the application of various intervention measures 
based on the principle of source control. Source control measures attempt to limit the 
influx of stormwater at the point of origin, reducing flows into traditional piped systems 
(Martin et al., 2006). 
 
The application of structural BMPs such as pond systems are applied in support of 
source control objectives in respect of quality and quantity of flows. Traditional 
stormwater management techniques were primarily concerned with the removal of 
stormwater based predominantly on the volumes and flow rates of run-off. In order to 
create a sustainable water resource the implication of pollution for stormwater quality 
management cannot be ignored. 
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The significance of pollution as an integral part of an Integrated Water Resources 
Management Strategy was recognised by the South African Government in November 
1996. Twenty-eight fundamental principles were identified; principle 15 states: 
 
“Principle 15: Water quality and quantity are interdependent and shall be 
managed in an integrated manner, which is consistent with broader 
environmental management approaches.” (Gorgens, Pegram, Uys, Grobicki, 
Loots, Tanner & Bengu, 1998:7). 
 
Over and above the actual flow, volume, and morphological implications, the pollutant 
loading of a high density urban environment has a profound impact on natural water 
systems. Goonetilleke, Thomas, Ginn and Gilbert (2005) identified stormwater as having 
a major influence on stormwater quality as a result of being the primary transport 
mechanism for the introduction of chemical, biological and physical pollutants to 
receiving water bodies. 
 
Pollutant concentration is variable based on the characteristics of the surrounding area 
in terms of land use and urban density. Studies into the quality of stormwater identify 
land use as the most significant consideration (Goonetilleke et al., 2005). High levels of 
toxicity have been specifically attributed to roadway run-off, studies in the San Francisco 
Bay Area identified toxicity in over 90% of highway samples (Kayhanian, Stransky, Bay, 
Lau & Stenstrom, 2007). 
 
The initial run-off from a storm event is deemed the “first flush” and has been 
characterised as transporting a higher initial pollutant concentration than run-off 
originating later in a storm event (Goonetilleke et al., 2005). 
 
The current Johannesburg stormwater management regulations make no reference to 
any prescribed limits on the acceptable pollution levels contained within run-off from 
developments, nor express quantifiable water quality guidelines for urban stormwater.  
 
The current CoJ stormwater policy seeks only to regulate stormwater discharge in terms 
of peak discharge rates from a development without quality intervention measures. 
 
Table 2.3.2.1 provides an overview of the typical contaminant profile of urban 
stormwater run-off. 
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 Table 2.3.2.1: Pollutants of concern in urban stormwater. 
 
Pollutant Source Examples 
Heavy metals • Transport Mercury , Lead & Cadmium 
Organic chemicals • Transport. Oil, petrol, grease 
 
 
• Roadsides, homes, golf courses, 
cemeteries, and public parks. 
Pesticides 
Pathogens • Sewage from leaks, inadequately serviced 
areas and illegal connections. 
• Pets and wild animals, for example, bird life 
in parks. 
Viruses, bacteria, protozoa 
Nutrients • Sewage from leaks, inadequately serviced 
areas and illegal connections. 
• Fertilisers used at home and on golf 
courses, cemeteries, and public parks. 
• Decaying garden refuse. 
• Pets and wild animals, for example, bird life 
in parks. 
• Burning of fossil fuel. 
Nitrogen, phosphorus 
Biochemical/ chemical 
oxygen demand 
(BOD/COD) 
• Road sides, homes, golf courses, 
cemeteries, and public parks, 
Grass clippings, fallen leaves, human and 
animal waste 
 • Transport Hydrocarbons 
 
 
• Sewage from leaks, inadequately serviced 
areas and illegal connections. 
Human waste 
Total 
suspended solids 
(TSS) 
• Inadequately maintained gardens. Unpaved 
roads. 
• Construction sites. 
Sand, soil, and silt 
Total dissolved solids 
(TDS) 
• Mining (including abandoned and derelict 
sites in urban areas) 
Cations: Sodium, calcium, magnesium and 
potassium.  Anions: chloride and sulphate 
Aesthetic • Inadequate street cleansing. 
• Accepted social behaviour. 
Litter, illegal dumping 
Source: Adapted from the Natural Resource Defense Council Website (2007). 
 
The proposed Johannesburg Catchment Management Policy aims to address the 
problem of pollution in stormwater through the introduction of chemical, bacteriological 
and thermal requirements for stormwater discharges in future, in line with international 
trends. 
  
The draft CoJ CMP proposes the inclusion of stormwater quality parameters as part of 
an overall approach to responsible stormwater management as dictated by national 
legislation, but no further implementation details or guidelines exist.  
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2.4 URBAN STORMWATER MANAGEMENT  -  THE REGULATORY 
FRAMEWORK 
 
2.4.1 Introduction 
 
In order to fully understand the potential economic impact of stormwater management a 
detailed consideration must be given to the policy framework under which developers 
operate. The following overview of the salient points of both international and local policy 
provides invaluable insight into the challenges impacting the accommodation of policy 
requirements in respect of stormwater management inclusion and the potential for a 
negative economic impact. 
 
2.4.2 International Policy Trends 
 
International awareness and intervention in dealing with stormwater related issues can 
be found in a plethora of regulations aimed at controlling and mitigating the effects of 
urbanisation and the associated increasing rate of urban stormwater run-off. 
 
Various international legislation aims at achieving a state of “hydraulic neutrality” as 
described by Malcolm, Martell and Hughes (2005), and as adopted in both New Zealand 
and Australia. 
 
Canada, Scandinavia, the United States, New Zealand, the United Kingdom, Australia, 
Germany and many other countries have adopted strategies and policies to address 
stormwater issues, including the broad based European Union initiative, project 
“Daywater”. The international trend towards adopting an Integrated Water Resources 
Management (IWRM) approach is apparent in the number of countries that have made 
progress in developing policy in support of these sustainability objectives (South Africa. 
Water Research Commision & Department of Water Affairs and Forestry, 2006). 
 
The approach of each country has been specific to its own environmental requirements 
and national policy framework, but the end result targeted is an effective and well 
aligned IWRM program, and the effective implementation of source control measures. 
 
Internationally the level of legislation spans from federal, national and provincial policy 
across the full legislative spectrum down to local bye-laws and guidelines. 
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The various stormwater management techniques and approaches are often referred to 
by different names based on the international geographic location. The common terms 
are Best Management Practices (BMPs), Sustainable Urban Drainage Systems (SUDS), 
Low Impact Urban Drainage Designs (LIUDD) or alternately Water Sensitive Urban 
Designs (WSUDS). While differing in name, the objectives of each policy strive for 
similar objectives. 
 
Europe and the United States exhibit a well developed and maturing level of stormwater 
source control implementation. A brief overview of the policies and strategies adopted by 
individual countries is outlined below as a reference point for the comparative analysis of 
the South African situation in perspective to that of mature policy frameworks in light of 
the potential economic impact associated with stormwater management. 
 
2.4.2.1 United Kingdom 
 
The UK consists of predominantly privatised water and sewer utilities, while national 
legislation is primarily focused on funding major flood reduction projects. Municipalities 
are responsible for the local stormwater management with the final criteria often a 
negotiated agreement between the municipality, developer, the Environmental Agency 
and local sewer services providers (Chouli, Aftias & Deutsch, 2007). 
 
Comprehensive and extensively developed stormwater management regulations have 
been developed at all key stakeholder levels. The system is further supported through a 
number of local and regional research programmes. The SUDS approach has become 
well entrenched in the development planning and project execution in the region. Faced 
with high annual rainfall levels and increasing population density, the United Kingdom 
has actively developed stormwater management techniques.  
 
Core Regulatory guidance in England is contained in the latest Planning Policy 
Statement documentation, PPS1 – Delivering Sustainable development, in conjunction 
with PPS25 – Development and Flood Risk, as well as PPS23, Planning and Pollution 
Control (Interpave, 2006). These regulatory platforms provide clear technical direction 
for the development, implementation and evaluation of stormwater attenuation measures 
for public and private development. 
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Wales relies on Technical Advice Note (TAN) 15 – Development and Flood Risk as the 
basis for stormwater control measures (ibid). Scotland utilises Planning Advice Note 
(PAN) 61 – Planning and Sustainable Urban Drainage Systems (Ibid). 
 
The technical guidelines are structured as a comprehensive documentary series with the 
Interim Code of Practice for Sustainable Urban Drainage Systems as the overall guide. 
The documentation covers, in detail, the design, management and regulatory framework 
for the implementation of the systems proposed, as indicated in figure 2.4.2.1 (National 
SUDS Working Group, 2004).  
 
The design manual, in collaboration with the SUDS best practice manual, combines to 
form the basis of the hydraulic, structural and water quality advice measures available. 
 
Figure 2.4.2.1: Relationship of Interim code of practice with SUDS design guidance. 
Source: Adapted from National SUDS Working Group (2004). 
 
The UK system has generated significant levels of research in both the academic and 
commercial fields, with many private commercial companies creating products that 
support the objectives of SUDS. It has further been used as a benchmark for the 
implementation of stormwater management approaches in Australia and New Zealand. 
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2.4.2.2 New Zealand 
 
New Zealand has adopted many of the SUDS practices based on the UK experience. It 
was realised that the current stormwater management systems were no longer 
sustainable and required legislative reform (Berry, 2002). 
The legislative reforms have been adopted along with requirements on an individual city 
basis, such as those documented by Christchurch and Wellington. The SUDS approach 
has gained significant backing and is a permanent feature of all new and redevelopment 
projects. 
 
Fig 2.4.2.2 presents a high level summary of the regulatory framework governing 
stormwater control measures in New Zealand as legislated. 
 
Figure 2.4.2.2: Relationship of the New Zealand Resource Management Act, 1999 to 
stormwater legislation. 
Source: Adapted from Eason, Feeney, Mark-Brown, Menzies & Pandey (2004). 
 
The legislative framework and policy documents controlling stormwater management in 
New Zealand are based on the Resource Management Act of 1999, the Local 
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Government Act of 2002 and the Building Act of 1991. (New Zealand Water 
Environment Research Foundation, 2004). These policy documents form the basis for 
the detailed stormwater management manuals, guidelines and documentation prepared 
at local and regional level. 
 
Individual cities such as Christchurch, Wellington and Auckland have published detailed 
design and management guidelines such as the Auckland Regional Council Technical 
Note series. 
 
The extensive legislation provides direct application to the issues posed by stormwater 
management challenges at a policy level while technical guidelines are established on a 
municipal basis.  A comparison with South African legislation highlights limited support 
and depth in key policy areas. 
 
2.4.2.3 United States 
 
Stormwater control in the United States is mandated by Federal legislation and 
augmented by state legislation in tandem with local county and city legislation.  
 
The United States was one of the first countries to formerly legislate the control of urban 
stormwater to a large extent. The promulgation of the Clean Water Act in 1972 
established a framework for the management and mitigation of polluted run-off and 
control of non-point source pollution.  
 
The objectives of the act are accomplished through the application of regulatory and 
non-regulatory tools.  
 
The Federal legislation is considered the driving force and The National Clean Water Act 
and a number of amendments thereto provide the legislative structures that have a 
direct bearing on stormwater management for developers. 
 
Figure 2.4.2.3, furthermore, provides an indication of the complexity faced in formulating, 
implementing and administering effective water policy and management techniques. The 
Clean Water Act has been subject to numerous legal challenges since inception. 
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Figure 2.4.2.3: Summary perspective of the United States Clean Water Act. 
Source: Adapted from the United States Environmental Protection Agency (2003). 
 
The amended Clean Water Act was promulgated in November 1990, as phase 1. This 
introduced the NPDES (National Pollution Discharge Elimination System) permit for 
developments and activities meeting set requirements. The legislation was further 
amended in December 1999, introducing additional requirements and incorporating a far 
broader range of activities.  Figure 2.4.2.3 provides an overview of the policy structure of 
the United States Clean Water Act. The Clean Water Act is further supported by 
legislation such as Section 401 Water Quality Certification and the municipal NPDES 
permit system. 
 
As each region is responsible for the development of a localised strategy and 
implementation there is a wide variance of measure in place based on the foundations of 
federal requirements.  Examples of localised legislation include the Porter-Cologne Act 
for the control of stormwater pollution in California. 
 
Many American cities employ the application of stormwater fees and discharge penalties 
or rebates as a tool to encourage policy adoption. 
 
2.4.2.4 Sweden 
 
The management of public services is undertaken by a single municipal authority for 
each city, and each entity has the mandate to select the most profitable stormwater 
management techniques, including the application of stormwater fees and reduction 
rebates. The cities further support the development community through technical 
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guidance, public information campaigns and assistance in meeting local requirements. 
(Chouli et al., 2007). 
 
2.4.2.5 Denmark 
 
According to Chouli et al., (2007) Denmark utilises a similar management structure to 
that of Sweden, including public information campaigns and a “lead by example” 
approach through the inclusion of high profile and aesthetic stormwater management 
facilities. Use is also made of stormwater rebates and incentives to control stormwater 
discharge.  
 
2.4.2.6 Germany 
 
The German federal policy framework allows regions to adopt and implement 
stormwater policies individually, with the municipality and the associated water 
management body exercising control (Ibid).  
 
2.4.2.7 France 
 
The French policy is a complex socio political landscape supported by the Water Law of 
1992. Policy implementation is diverse and regionalised with the adoption of source 
control measures and the future potential implementation of stormwater fees as a 
commonality with other European countries (Ibid).  
 
2.4.3 Summary of international policy trends 
 
Based on the preceding investigation it is evident that the international development and 
municipal arena are well aware of the problems associated with excessive stormwater 
run-off, and the subsequent impact thereof on the built, natural, and economic 
environment. 
 
Common threads that exist between the various countries considered indicate the 
almost consistent implementation of a financial charge, tax or rebate attributed directly to 
influencing stormwater run-off. Further similarities exist in the existence of public 
education campaigns that exist as part of the municipal communications applied in the 
affected areas. 
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 A notable differentiating factor between international and current local stormwater policy 
is the approach to water quality. Each of the above international standards considered 
addresses the issue of stormwater pollution to varying degrees and at different 
legislative levels, hence each have mandatory quality improvement measures specified.  
 
Quality measures dictate acceptable pollution and contamination values for urban 
stormwater. The inclusion of quality criteria has been associated with notable increases 
in the cost of stormwater management and facilities construction. Scheuler (2000) 
attributed over a third of pond construction costs to the provision of quality control 
measures in research conducted in the United States. 
 
International inclusion of water quality measures is in direct contrast to the current CoJ 
local policy that addresses only the hydraulic component of peak flow reduction. The 
proposed draft CMP briefly considers the implementation of quality control measures as 
required by the provisions of NEMA. 
 
2.4.4 South Africa – legislation impacting national and provincial policy  
 in respect of stormwater control 
 
“Due to the intimate connection between water resources and land use, the sustainable 
development of either requires their management to be integrated” (South Africa. Water 
Research Commission & Department of Water Affairs and Forestry, 2006). 
 
There is currently no single component of legislation in South Africa that defines 
responsibility for IWRM at a local authority level, however the Constitution of the 
Republic of South Africa and the National Environmental Management Act provide a 
foundation for the implementation of IWRM. 
 
Section 156, and schedules 4 and 5 define the powers of government from national to 
local level. The key components of schedule 4B and 5A relating to responsibility for 
stormwater management are indicated as:  
 
• Municipal Planning ( Category A,B and C Municipalities) 
• Stormwater management in built up areas ( category A,B and C   
  Municipalities)  
  (Ibid). 
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The Johannesburg Municipal area forming the basis of the research is categorised as a 
Category “A” entity – a Metropolitan Municipality in terms of national policy. 
 
The constitutional obligations are broad in scope and do not provide practical guidance 
in achieving the desired outcome specific to stormwater management, in this regard it is 
necessary to refer to the National Water Act. 
 
The National Water Act (NWA), Act 36 of 1998, and the National Water Amendment Act, 
1999, read in conjunction with the National Water Resources Strategy (NWRS), 
developed by the DWAF in response to the requirements of the NWA, contains the 
principles and implementation guidelines in support of the IWRMP. This ultimately 
supports the objectives and spirit of the constitution. 
  
In terms of the abovementioned legislation the key responsibilities of the local authority 
with specific regards to stormwater in the context of IWRMP are stormwater 
management, municipal spatial development planning and land use control . Section 9 
of the act (South Africa, 1998a:12) states:  
 
“(c) set out the strategies, objectives, plans, guidelines and procedures of 
the catchment management agency for the protection, use, development, 
conservation, management and control of water resources within its water 
management area; 
 
(d) take into account the geology, demography, land use, climate, vegetation 
and waterworks within its water management area;” 
 
These two areas are key formulation points in the development of the Johannesburg 
Metropolitan areas stormwater management policy. Section 19 of the NWA places an 
onus of responsibility for the management of water resources on the local authority. 
 
Furthermore, section 19(1) places an obligation on the landowner, or person in control of 
land on which pollution occurs to take action in preventing such occurrence (Ibid: 16).  
 
“19. (1) An owner of land, a person in control of land or a person who 
occupies or uses the land on which - 
(a) any activity or process is or was performed or undertaken; or 
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(b) any other situation exists, which causes, has caused or is likely to 
cause pollution of a water resource, must take all reasonable measures 
to prevent any such pollution from occurring, continuing or recurring.” 
 
The NWA definition of pollution is broad, and in the context of urban stormwater includes 
alteration to; organic load, chemistry, sediment load, temperature, peak flow, total run-off 
and rate of change of flow. The act states that pollution is defined as (Ibid: 8): 
 
“(xv) “pollution” means the direct or indirect alteration of the physical, 
chemical or biological properties of a water resource so as to make it …” 
 
Post development stormwater has the potential to affect every one of the above 
mentioned pollution characteristics if not adequately addressed.  
 
The NWA makes provision for the establishment of a CMA (Catchment Management 
Agency) as a mechanism to enforce the objectives of the Catchment Management 
Policy (Ibid: 40).  
 
The NWA has further bearing on the stormwater policy through the regulatory 
requirements relating to dam safety contained in the Act. The current JRA stormwater 
policy requires that stormwater attenuation be in the form of open attenuation ponds, 
thus effectively creating small dams. Chapter 12 of the NWA regarding the safety of 
dams defines a dam as:  
 
“(b) “dam” includes any existing or proposed structure which is capable of 
containing, storing or impounding water (including temporary impoundment 
or storage), whether that water contains any substance or not;” (Ibid: 53).  
 
An important aim of the IWRM in relation to stormwater management is to consider both 
the direct and indirect effects of actions undertaken in one catchments area of influence, 
which in turn affects another. The stages of the hydrological cycle are interlinked and 
must be managed with due regard to this interrelationship (South Africa. Water 
Research Commission & Department of Water Affairs and Forestry, 2006). 
 
The literature has identified a clear link between the role of land use and development 
planning and that of achieving the IWRM objectives. The primary responsibility for 
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implementation of the IWRM objectives has been consigned to local government as 
supported by the following extract:  
 
“Integration of development planning and IWRM is entrenched in the 
development role of local government, …”  (Ibid: 11).  
 
The National Environmental Management Act (NEMA), Act 107 of 1998, as amended by 
the Mineral and Petroleum Resources Development Act 28 of 2002, the National 
Environmental Management Amendment Act 56 of 2002, the National Environmental 
Management Amendment Act 46 of 2003, and the National Environmental Management 
Amendment Act 8 of 2004, places a responsibility on all persons, including the local 
authority, to minimise disturbance to the ecosystem and avoid pollution and degradation 
of the environment. The preamble to NEMA states:  
 
“sustainable development requires the integration of social, economic and 
environmental factors in the planning, implementation and evaluation of 
decisions to ensure that development serves present and future 
generations; …” (South Africa, 1998b:1). 
 
Section 2(4)b further states:  
 
“(b) Environmental management must be integrated, acknowledging 
that all elements of the environment are linked and interrelated, and  
it must take into account the effects of decisions on all aspects 
of the environment and all people in the environment by pursuing the 
selection of the best practicable environmental option.” (Ibid: 10).  
 
Section 2(4) (r) clearly identifies development pressure as an area requiring particular 
attention in the planning process: 
 
“(r) Sensitive, vulnerable, highly dynamic or stressed ecosystems,  
such as coastal shores, estuaries, wetlands, and similar systems  
require specific attention in management and planning procedures,  
especially where they are subject to significant human resource  
usage and development pressure.” (Ibid: 11).  
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The National Building Regulations and Building Standards Act 103 of 1977 provide the 
local authority with a broad discretionary base in the development and imposition of 
stormwater regulations on developers, and the technical specifications of stormwater 
related practices. 
 
The above regulatory Acts provide a clear responsibility for the control of stormwater 
emanating from developed areas. This responsibility forms the basis of the stormwater 
attenuation regulations currently implemented, and those proposed in the City of 
Johannesburg Draft Catchment Management Policy document of February 2006. 
 
Over and above the National regulations considered thus far, indirect references to the 
spirit of water resources and land development legislation having a bearing on the 
issues impacting stormwater attenuation issue have been identified in the COJ 
Catchment Management Policy Draft document (Brooker, 2006). These references 
include the following legislation: 
   
• The Constitution of the Republic of South Africa 
• The Property Rates Act (Act 6 of 2004) 
• The National Spatial Development Act 
• National Environmental Management: Protected Areas Bill 
• The Municipal Systems Act 
• National Environmental Management: Biodiversity (Bill June 03) 
• The National Land Use Act (Bill April 2002) 
• The Environmental Conservation Act and regulations 
• The Conservation of Agricultural Resources Act 
• The Development Facilitation Act 
   
The Property Rates Act (Act No.6 of 2004), while not directly related to the issue of 
stormwater attenuation, has a potentially significant bearing.  
  
In a traditional context the local municipal authority seeks to limit urban sprawl and to 
follow a densification process to limit servicing costs and increase rates revenue. The 
densification and sprawl reduction approach are clearly stated in the Johannesburg 
Metropolitan IDP documentation (City of Johannesburg, 2004). Current city policy further 
supports the move toward the densification of key areas around mobility spines and BRT 
routes. (City of Johannesburg, 2007a). 
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While the densification approach increases the rates base of the local authority, it also 
increases the environmental degradation through increased pollution and stormwater 
run-off. The result of this process is that by valuing vacant land at higher rates, or the 
valuation of land at its maximum beneficial use, it forces developers to maximise the 
land use, creating a negative environmental impact (Botha, 2004). 
 
The legislative framework under which the Johannesburg Stormwater Attenuation Policy 
has evolved from is a complex system based on broad legislative measures that do not 
necessarily easily translate to practical implementation policy. There also exists a 
degree of duplication and contradiction between individual Acts that adds further 
complexity to the issue. 
 
The problems faced internationally with regards to the legislation of stormwater disposal 
are not unique, and manifest many of their similar challenges locally. The benefit of this 
situation is that South Africa can avoid costly learning curves and leverage existing 
international strategy and experience applied to a local context. This approach may 
more effectively support the achievement of the aims and policy goals set by national 
government. 
 
A key constraint in the implementation of Integrated Water Resource Management 
(IWRM) policies encountered internationally is the poor management of the interrelation 
between land use and development objectives, and that of water management strategy 
(South Africa. Water Research Commission & Department of Water Affairs and Forestry, 
2006).  
 
The fundamental policy foundation for the control of stormwater in an urban environment 
exists in national legislation at a conceptual level. The area responsible for a direct 
economic impact on the private developer is the local strategies developed to implement 
policy objectives at a municipal level. 
 
2.4.5 Local Authority – stormwater management legislative framework  
 
The Municipal Systems Act requires the establishment of an Integrated Development 
Plan (IDP) that incorporates the spatial development framework for land management. 
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The local authority functions related to stormwater management and their associated 
key performance indicators (KPI) are addressed as part of the IDP. 
 
Analysis of the IDP for the Johannesburg Metropolitan Area clearly indicates that the 
importance of an effectively implemented stormwater design is desirable. Chapter 5 of 
the IDP, Environmental Management, highlights stormwater management deficiencies 
as an issue relating to current poor water quality within the catchment area:  
 
   “… poor stormwater management, erosion and silt problems, …”  
  (City of Johannesburg, 2004: Chapter 5, 10) 
 
The chapter contains further proposed strategies to develop an ICMP, promote 
integrated catchment planning, integration of engineering and environmental 
considerations, as well as making direct reference to the issue of on-site stormwater 
attenuation (Ibid: 12).  
 
“…, including adequate on-site attenuation and open space drainage 
areas,…”  
 
Current city documentation in the form of the 2007/2008 Spatial Development 
Framework further identify the need to address stormwater issues due to the capacity of 
stormwater infrastructure being exceeded (City of Johannesburg, 2007a). 
 
Further to the direct addressing of stormwater related issues there are additional 
legislative components that impact on stormwater attenuation issues for private property 
developers.  
 
The first Act under consideration is the Gauteng Planning and Development Act 2003. 
Section 33. (1) of the Act  states:  
 
“ A spatial development framework shall be a spatial interpretation of the 
goals and objectives of the integrated development plan of the municipality 
with due regard to the principles contained in Chapter II and shall graphically 
indicate the policies and plans for land development and land use in the 
municipal area” (Gauteng (South Africa), Office of the Premier, 2003). 
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This legislation is closely tied to the aims of integrating spatial planning with IWRM as 
highlighted in the City of Johannesburg’s IDP, The National Water Act and NWRS. 
 
Section 41.d of the Act states: 
 
 “The content of land development policies may include but is not limited to – 
the methods, not inconsistent with the provisions of this Act or any 
guidelines issued by the MEC, for the determination of standards or 
requirements for the provision of engineering services …” (Ibid: 21).  
 
The above section coupled with national legislation presents the local authority with wide 
prescriptive control over the development, implementation and enforcement of 
stormwater management controls as “engineering services”.  
 
The responsibility for the implementation and management of stormwater control 
objectives lies with the Johannesburg Roads Agency (Johannesburg Roads Agency 
(Pty) Ltd., 2004). 
 
2.4.6 Johannesburg Roads Agency (JRA) - stormwater management policy 
 
The Johannesburg Roads Agency (JRA) is the city utility responsible for the approval 
and management of stormwater related issues that fall within the defined jurisdiction and 
directly control the factors that have a potential economic impact on private property 
developers. 
 
The Johannesburg Roads Agency has implemented a stormwater attenuation policy in 
response to the growing pressures of current development levels on existing municipal 
infrastructure, and in response to the National Water Resource Strategy and the 
supporting national, provincial and local legislation. The implementation of the policy is 
further supported by the contents of the RSDF, SDF and IDP of the CoJ. 
 
2.4.6.1 Current JRA Policy 
 
The existing CoJ stormwater guidelines have evolved from recognition of the need to 
address the rising challenge of stormwater management in an urbanizing and rapidly 
densifying metropolitan area.  
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The original guidelines for the development of urban areas were compiled in what 
became referred to as the “Blue Book”. The sections related to stormwater management 
recommended attenuation as a suitable control measure for stormwater management. 
(South Africa. Department of National Housing & The National Housing Board. 1994). 
The proposed recommendation was not adopted by the CoJ at the time. Reference is 
made to the result of this policy within the current JRA Stormwater Management Policy 
Statement (Wolvaardt, 2005). 
  
“At the time, the City of Johannesburg chose to ignore the stipulations 
dealing with stormwater attenuation. This thinking then was that all of 
the main stormwater conduits should be hard engineered structures. The 
financial implications were not properly understood and the policy  
failed dismally.”  
 
The above statement forms the basis for the implementation of a stormwater attenuation 
policy that was first implemented by the Johannesburg Roads Agency in 2002. The 
policy was applied to all new developments and contained certain provisions for the 
attenuation of stormwater run-off 
 
Property developers are, in terms of JRA legislation, required to allocate land and 
infrastructure within new developments to limit the run-off peak discharge to a level 
equal to that of the undeveloped state of the property through the use of attenuation 
ponds (Johannesburg Roads Agency (Pty) Ltd. 2005).  
 
The current JRA stormwater management policy makes the following provisions as 
presented in the current policy documentation: 
 
• All developments on land exceeding 8 500 m2 are subject to stormwater 
attenuation on site.  
• The preferred means of attenuation is on surface. 
• Attenuation off site, to compensate for the lack of an on-site facility is 
acceptable. 
• The run-off associated with development is to be attenuated such that the 
predevelopment flows for the 1:5 as well as the 1:25 – year storm events are 
not exceeded. The attenuation structure must be able to withstand the 1:50 
– year storm event. 
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• Discharge from the attenuation facility is subject to approval by the 
landowner downstream. 
• Site Development Plans will only be approved if supported by an acceptable 
stormwater management strategy. 
• Clearance for the issue of a Section 82 or Regulation 38 certificate will only 
be given once the stormwater management system is in place. 
• The proposed management of the attenuation facility is to be stated in the 
outline scheme report.  
(Wolvaardt, 2005). 
 
The guidelines further require that the design of the facility is undertaken by a suitably 
qualified engineer and that design calculations are submitted in a report to the JRA.  
 
The guideline provides further guidance on the acceptable methods and calculation 
parameters to be used in facility design. The guidelines provide applicable volumes for 
planning purposes. These values are 300m3/ha for areas subjected to a 1:25 year storm 
and 350m3/ha for those exposed to a 1:50 year storm (ibid). 
 
Each development is assessed on specific merit but the above guidelines form the 
current status quo for the approval of any development or redevelopment meeting the 
specified criteria. 
 
The local authority has obtained legal opinion on the liability and maintenance 
responsibility issues surrounding stormwater attenuation facilities in terms of the Town 
Planning and Township Ordinance Act 15 of 1986.  
 
Legal opinion obtained on the issue indicated that the owner of the attenuation facility 
bares responsibility for the design, construction and maintenance of the facility. 
 
A duty of care is also created in respect of ensuring the continued functioning of the 
system and an obligation to ensure that it does not create a hazard to municipal, or 
surrounding properties (ibid). 
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2.4.6.2 Proposed City of Johannesburg (CoJ) Catchment Management and Stormwater 
Policy 
 
The proposed draft policy published in February 2006 gives a clear indication of the 
intent of the local authority to further align the current stormwater attenuation policy with 
the far more rigorous requirements of the various acts and legislation currently in place, 
as well as tracking internationally accepted norms. 
 
The current policy has served as an interim management strategy that will be further 
enhanced by the proposed draft policy on finalisation. The draft policy has been 
extensively drawn up to create increased levels of certainty in the application of 
stormwater attenuation policy in the Johannesburg area. 
 
The proposed policy aims to adopt current international best management practices 
(BMPs) for local implementation. The new proposals are more onerous than current 
legislation, and place additional responsibility on both the developer and local authority. 
An overview of the core differences with regards to the elements impacted by the 
proposed change is presented below (Brooker, 2006). 
 
• Revised definition of “New Development” 
• Run-off water quality standards 
• Enforcement of standards 
• Dam safety 
• Consistency of standards 
• Co-operative management 
• Flood warning system 
• Continued research 
• Incorporation of the Regional Maximum Flood for floodline determination 
• Credit and Incentive Scheme for stormwater management contributions 
against bulk contributions 
• Application of policy to both COJ and private developments 
• Control of construction run-off 
 
The definition of “new development” has been altered to: “New developments are 
defined as any development, irrespective of property area that requires a change in land 
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use zoning, and that results in a greater proportion of impermeable cover than existed 
on the site prior to the development.” (Ibid). 
 
Any major improvements undertaken on a deemed property size greater than 0.5ha will 
be subject to stormwater policy requirements as required, and minor improvements 
affecting “Residential 1” properties such as extensions or additional paving expanses 
shall meet the JRA “deemed to satisfy” regulations (Ibid). 
 
The above changes dramatically broaden the scope and application of the proposed 
stormwater policy. 
 
The key issues addressed under the new policy in comparison to that of the policy 
currently in place include: (Brooker, 2006). 
 
• Revised Standards Related to Peak Discharge, Discharge Volume, Run-off 
Frequency and Run-off Water Quality with the following criteria. 
 
 Peak Discharge - no increase for a 1:20 year return interval. 
 Volume - no increase up to the annual 10 year rainfall. 
 Run-off Frequency - no surface run-off for the 1yr return interval. 
 Water Quality - no deterioration in water quality. 
 
• The policy is to be mandatory for all new developments and for any change 
of land use, and applicable to both private and state entities. 
• The policy makes allowance for retrofitting of existing infrastructure as part 
of the ongoing maintenance process. 
• Additional controls for the development in floodplains as well as the flood 
plain encroachment. 
• A classification and formal inspection programme for all attenuation ponds, 
including privately owned ponds. 
• The stormwater management policy is to be underwritten by a detailed and 
comprehensive design manual. 
• The inclusion of the Regional Maximum Flood (RMF) in the calculation of all 
new flood lines. Furthermore, all risk zones are to be indicated on plans. 
• Water quality to be maintained to DWAF standards. 
• Data gathering and monitoring component. 
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The proposed expansion of the stormwater attenuation policy places significant 
additional requirements on any private or municipal development.  
 
The adherence to and achievement of these criteria will clearly carry an additional cost 
in both time and monetary terms within the overall development process as well as 
requiring the application of sufficient resources to ensure policy objectives are met. 
Brown, Claytor, Debo, Haubner and Reese, (2001) identified the establishment of 
programme goals, requirements, components, priorities, organisational structure, 
staffing and funding as fundamental pillars in support of stormwater management 
objectives. 
 
2.5 THE ECONOMIC IMPACT OF URBAN STORMWATER ATTENUATION  
 
2.5.1 Introduction 
 
The overview of the current and proposed stormwater attenuation policy, and the 
supporting legislation indicate the increasing complexity of the development environment 
in legislative terms. In the current rapid growth phase that South Africa is experiencing 
the regulatory environment is often perceived as a barrier to achieving development 
objectives. 
 
The current stormwater attenuation policy mandates that a certain portion of otherwise 
developable and saleable land be dedicated to a stormwater attenuation pond or ponds, 
preferably on surface (Wolvaardt, 2005). 
 
The direct financial impact of the above requirement is a reduction in the total amount of 
developable land available to developers. This has the potential to increase the cost of 
the remaining units to compensate for the lost sales.  
 
An alternative to the potential increased costs is an increase in the overall development 
density that may be pursued in compensation, thereby further exacerbating stormwater 
run-off potential. The lost value of land used for attenuation is often recovered through 
increased densification of the remainder of the development (United States 
Environmental Protection Agency, 1995). 
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Stormwater has long posed economic influence on the development environment, even 
prior to the introduction of rigorous legislation in this regard. The recognition of the 
importance of residential stormwater management under growing levels of urbanisation 
identified in 1971 by the NAHB Land Use and Engineering committee led to the 
publication of “Residential Stormwater Management: Objectives, principles & design 
considerations.”, a publication identifying many of the contemporary and currently 
relevant stormwater management issues encountered in practice.  
 
A fundamental observation resulting from the publication identified that each 
development is both a recipient and contributor of stormwater to the environment. 
Stormwater aspects, both legal and physical, determine the feasibility of a particular 
property development under consideration (American Society of Civil Engineers, 
National Association of Homebuilders & Urban Land Institute,1975).  
 
The economic importance of stormwater attenuation calculations on development 
profitability and feasibility are highlighted by typical questions asked by developers. 
“How small can I make this detention pond and still meet the stated design 
requirements?” (Reese, 2006).  
 
Questions such as this are indicative of the situation should clear guidelines not be 
upheld.  The need for regulation is further supported at a local level by Walker, Weedon 
and Nicolson (2007) who identify that all development is a matter of economics, as such, 
the issue of minimum allowable standards will invariably arise. 
 
The limits of attenuation policy will continually be tested by profit motives in a rapid 
growth scenario such as that currently experienced in South Africa.  
 
Urban society in Johannesburg has begun to embrace the concepts of sustainability in 
conjunction with increased awareness of environmental issues. New developments have 
capitalised on this trend through the “Eco-Estate” concept and the environmental impact 
of CoJ activities has increased with resident awareness. 
 
The City of Johannesburg administration has become increasingly aware of the need to 
address environmental degradation and preservation as highlighted by current SDFIDP 
and RSDF documentation. 
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The long term, large scale impact of stormwater management has been identified 
internationally as a substantial capital expenditure item. Research undertaken by The 
Boston Consulting Group on behalf of the Auckland Region of New Zealand identified 
various levels of stormwater expenditure shortfalls. A possible maximum of NZ$9.4 
billion was identified over a 20 year period. This amount was projected in order to 
accommodate maximum urban growth levels and environmental goals for the region 
(The Boston Consulting Group, 2004). 
 
Based on the experience of countries considered to be leaders in stormwater 
management policy, the initial risk premium attached to the implementation of 
attenuation and associated BMP techniques as unknowns, has been a limiting factor in 
widespread acceptance. The resistance has also given rise to public questions 
regarding the community benefits and additional future costs associated with the 
proposed systems, in combination with the long term efficacy of the systems (Eason, 
Dixon, Krausse, Vesely, Sharp & Kviberg, 2005). 
 
The overall benefit and efficiency of the systems is not always clearly apparent, 
questions arise as to the need for such costly intervention. Research undertaken for the 
Valley Creek watershed in South Eastern Pennsylvania indicated that little benefit was 
achieved at a watershed level as a result of detention ponds and that under specific 
instances the inclusion of detention basins exacerbated overall watershed peak flow 
rates (Emerson, 2003). 
 
Johannesburg faces additional challenges in terms of demographics, social structures 
and legacy spatial planning anomalies associated with the previous political state as 
identified by Brooker (2006), these factors in turn further complicate stormwater 
management issues. 
 
2.5.2 Stormwater attenuation impact on property values 
 
At present there is limited local knowledge of the benefits of developments that 
incorporate internationally accepted BMPs such as constructed wetlands or permanent 
“wet” ponds. The lack of local research in this regard can most likely be attributed to low 
levels of public knowledge, and the short period in which current stormwater 
management policy has been implemented 
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International research commissioned by the United States Environmental Protection 
Agency has established that “wet” ponds may experience the same “waterfront effect” 
that is attributed to lakes, streams and other natural water features.  
 
The research conducted aimed to quantify the positive increase in property value for 
units in view of suitably designed stormwater facilities, as well as to track the longevity of 
this premium. The findings indicated a 5% to 30% premium, averaging to an 
approximately 10% increase in property value. The lifespan of this premium was shown 
to exceed 20 years based on the available data. (Schueler, 2000a). 
 
Schueler (2000a) indicated that the pond premium attributed to a “wet” pond location 
was applicable to commercial properties as well as residential. Furthermore it was found 
in areas of property over-supply that ponds with a “waterfront” effect sold more rapidly, 
thus improving developer market competitiveness and differentiation, while potentially 
improving project cash flows.  
 
Further evidence in support of the positive impact of aesthetically optimised “wet” areas 
is indicated by USEPA research conducted that indicated improved profitability and 
enhanced sales rates (United States Environmental Protection Agency, 1995). 
 
An evaluation of residents in selected Ontario residential suburbs indicated that 17% of 
residents would be willing to pay a premium to live adjacent to a “wet” attenuation pond 
while over 50% of those living next to “wet” attenuation ponds believed it added value to 
their property. (Schueler, 2000b).  
 
The value appeal is site specific and varies between commercial and residential 
developments. Personal appeal plays a further role in the consideration of the aesthetic 
value benefit of open water versus the potential safety liability issues inherent (United 
States Environmental Protection Agency, 1995). 
 
Klein (2003) considered the land value implications of attenuation facilities and indicated 
that the “dry” pond stormwater approach had the opposite effect to that of well designed 
permanent “wet” ponds. The negative impact reported by United States based research 
indicated property values in the immediate vicinity of “dry pond” attenuation facilities 
were between 4% and 10% lower on average than comparable unaffected real estate. 
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Research conducted by Emmerling-Dinovo (1995) in Illinois on the impact of stormwater 
detention basins on residential locational decisions identified a clear preference and 
value increase attributed to the proximity to a “wet” pond basin. The perceived value was 
present even though the “wet” ponds were poorly landscaped and constructed in an 
unnatural geometric shape. The inclusion of “dry” ponds was identified as a negative 
impact on the value of surrounding properties by between 3% and 10%. 
 
The general agreement within the current body of research indicates that a “wet” pond 
facility has a positive influence on the value of surrounding properties while “dry” ponds 
are associated with a reduction in perceived property value and are considered less 
desirable in the urban landscape. 
 
2.5.3 Stormwater attenuation pond construction cost factors 
 
The construction of private attenuation facilities is an additional cost element to each 
new project. The direct pond construction costs included design, approval, geotechnical 
investigation and professional fees in additional to the actual construction costs.  
 
Detailed studies undertaken at Clemson University, South Carolina, considered the cost 
of designing, installing, and maintaining stormwater pond systems in relation to the level 
of pollutant removal achieved. The study further incorporated real cost factors other than 
water quality and volume discharge. These costs were identified as engineering costs, 
construction costs and landscaping wages in addition to land value. The research 
produced an equation tested for spatial correlation and heteroscedasticity. The results 
identified specialist engineering skills as a high cost factor, and land value as a major 
influence in total pond cost (Sharma, 2005).   
 
The study was conducted using Baltimore as a central point, with US price indices and 
wage data that do not directly reflect the South African situation. Given the geographic 
variance the overall findings may not be locally accurate but provide indicative evidence 
of cost effects. 
 
The findings of the study indicated the following: 
 
• A 1% increase in water quality requirements resulted in a maximum of 
0.76% increase in total pond costs. 
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• A 1% land value increase was associated with a 0.19% increase in pond 
costs.  
 
Schueler (2000) identified the construction of ponds as possibly the largest “out-of-
pocket” expense paid by developers in meeting stormwater management obligations. 
The research conducted evaluated the base construction cost in relation to the storage 
and quality parameters. The study indicated that the construction costs of ponds had 
increased by an inflation adjusted amount of over 30% over a 10 year period. The 
findings were attributed to the more stringent design requirements and longer term 
durability of the specified construction materials. 
 
The scale at which attenuation facilities were implemented was shown to have a 
significant influence on the economic impact of pond construction costs. Smaller ponds 
serving individual developments of less than five acres (2.02 hectares) had costs per 
volume between five and ten times higher than large ponds (Ibid).  
 
The results of the study indicate a high level of economic inefficiency in fragmented local 
pond structures when compared to the implementation of larger regional, or multi-site 
pond facilities. Figure 2.5.3a indicates the relationship between cost and catchment 
areas as determinants in pond costing for both quality and quantity parameters. 
 
 
Figure 2.5.3a: Generalised relationship between unit stormwater management cost  
and site size. 
Source: Adapted from Schueler (2000). 
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Current attenuation policy seeks to manage peak flows without consideration for water 
quality. The proposed CoJ Catchment Management Policy aims to include water quality 
criteria as a component of the proposed stormwater management system (Brooker, 
2006). 
 
The cost variance between constructing a “wet” pond versus a “dry” extended pond 
structure was found to be marginal Schueler (2000). This finding is significant in light of 
the proposed implementation of quality criteria indicated in the CoJ CMP as a result of 
the far higher water quality control potential of “wet” ponds as opposed to the currently 
preferred “dry” pond. 
 
Studies undertaken by The Center for Watershed Protection in the United States have 
indicated that the inclusion of water quality criteria results in one-third of the total 
stormwater construction costs being dedicated solely to quality management. The 
remaining balance is associated with flood and hydraulic control. Constructions costs for 
ponds were typically broken down with 48% attributed to grading and excavation, 36% to 
control structures and 18% to appurtenances Schueler (2000). 
 
Construction costs are further impacted by the topology of the site as well as the 
underlying geology of the attenuation pond site and can only be evaluated in detail on a 
site specific basis. Rock excavation can heavily impact final costs and reduce overall 
pond efficiency by reducing infiltration rates. 
 
Based on the preceding international cost information it would appear that the 
introduction of stormwater quality criteria for urban stormwater management locally has 
the potential to pose a significant economic impact on private property developers. 
 
2.5.4 Non-construction related stormwater attenuation pond cost factors 
 
The cost of attenuation is comprised of the initial value of the land sacrifice to 
accommodate the required facilities, increased cost of specialist engineering fees, 
increased risk premium, future potential litigation exposure and maintenance costs. 
 
Wossink and Hunt (2003) identified the land opportunity cost of the loss of land resulting 
from the inclusion of stormwater BMPs as the most important cost item, with a reduction 
in development profit and a frequent concern for developer interests.   
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Any delay resulting from the inclusion of stormwater attenuation facilities has the 
potential to become a major cost component if approval or completion acceptance is 
delayed resulting in extended holding costs. 
 
The current CoJ stormwater policy does not allow for a reduction or reimbursement of 
costs for the construction or maintenance of the mandated private stormwater structures 
or attenuation facilities. 
 
The Landcare Research Centre, in conjunction with the University of Auckland, 
presented an analysis of key economic factors influencing the uptake of stormwater 
management practices. Research highlighted the question of how economically rational 
the LID development approach was for private property developers, the equitable 
distribution of costs, and the long term costs associated with the chosen systems (Eason 
et al., 2005).  
 
A lack of financial incentives appears to be a potential obstacle to the uptake of local 
stormwater policy. The CoJ CMP draft policy has, in turn, made reference to providing 
possible credits against bulk contributions for stormwater management programs 
implemented (Brooker, 2006). 
 
Research into various economic models applicable to stormwater management include 
the adoption of a Pigouvian tax or an allowance market through mechanisms such as 
stormwater user fees, run-off charges or quantity instruments identified by Hoagland et 
al., (2005) that may assist in financing stormwater management initiatives while reducing 
the potential economic impact on individual developers.  
 
The current JRA stormwater policy places full responsibility for the design, construction 
and management of the stormwater attenuation system on the developer. This 
responsibility carries a cost in terms of the potential for litigation from pond failure, from 
both the original developer and subsequent land owners. On completion, the 
responsibility for the pond structure becomes that of the development management body 
or Section 21 Company. 
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2.5.5 Stormwater attenuation pond maintenance cost factors 
 
Pond maintenance has a significant economic impact in the overall lifecycle cost of the 
attenuation facility and is an area that is not specifically addressed by any particular area 
of local legislation. In the current development environment there is no clearly defined 
maintenance requirement with particular regard to attenuation ponds, either “wet” or 
“dry”.  
 
The Town Planning and Township ordinance Act confers the maintenance responsibility 
of attenuation facilities on the current property owner; this legislation has since been 
replaced by the Gauteng Planning and Development Act. The NWA may further support 
this view should a lack of maintenance lead to a situation whereby pollution, as defined 
in the Act occurs. 
 
The maintenance of an attenuation facility is paramount to the long term successful 
functioning of the system in a manner that achieves the design objectives, The Ontario 
local government publication “Understanding Stormwater Management: An Introduction 
to stormwater management and planning” clearly states: “Lack of maintenance is one of 
the key reasons for poor system performance” (Ontario, 2003:14).  
 
The maintenance component of attenuation is one that results in lifetime costs 
associated with the benefits of the system. Maintenance also plays an important role in 
the design and specification of the system over and above the initial capital investment 
costs. Ponds often have a design lifespan in excess of 25 years. The Stormwater 
Manager’s Resource Center places maintenance costs at between 3% and 5% of total 
pond construction cost per annum (Stormwater Manager’s Resource Center, n.d.).  
 
Pond maintenance activities, dependent on the type of pond implementation, include 
lawn mowing and landscape maintenance, removal of blockages and debris, clearing of 
litter, silt dredging and regular structural inspection (Wossink & Hunt, 2003). 
 
Locally maintenance costs appear to be often incorporated into the developments 
operating levy or neglected. No definitive local data in this respect was encountered.  
 
The maintenance cost research undertaken by Wossink and  Hunt (2003a) provided an 
equation for the approximation of maintenance cost curves for typical catchments and 
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BMP measures for North Carolina, providing a valuable resource for the projection of 
cost data for both developers, the local authority and managing bodies. 
 
Polta, Balogh and Craft-Reardon (2006) investigated the contamination levels of pond 
silt and found that concentrations of certain metals and other contaminants exceeded 
allowable levels, as well as linking the higher levels to increased roadway area within a 
watershed.  
 
The contaminated silt removed from affected ponds locally as part of maintenance 
operations may require special treatment, and the likely expensive disposal thereof. In 
terms of NEMA and the NWA pond sediment may require careful management and 
additional cost. 
 
The current JRA Stormwater Management Policy, nor the proposed CoJ CMP provide 
any guidance on contaminant target values or disposal guidelines for pond silt. 
Contamination levels will be of more concern under the new draft CoJ CMP that requires 
ponds to fulfil water quality requirements.  
Figure 2.5.5.1 indicates a diagram providing a chronological overview of the expenditure 
associated with the construction and maintenance of a BMP, typically representative of 
cost activities associated with a stormwater attenuation facility. 
 
 
Figure 2.5.5.1: Generic BMP life cycle costing. 
Source: Adapted from Eason et al., 2005. 
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The maintenance responsibility for stormwater attenuation facilities has previously been 
a contentious issue between developers and the local authority and as a result legal 
comment was obtained by the local authority in respect of the maintenance liability of 
private developments for stormwater attenuation structures therein, confirming the 
responsibility of the current landowner. 
 
The interpretation of the contents of Section 118 of the Town Planning and Township 
Ordinance Act 15 of 1986, do not require the local authority to maintain any internal 
service for which it was not the supplier thereof. The responsibility for installation and 
maintenance rests with the owner of that system in addition to a current and future duty 
of care to the functioning of the system. 
 
The existing Johannesburg Stormwater Attenuation Policy has no specific reference to a 
predetermined, controlled or monitored maintenance requirement for new or existing 
attenuation facilities.  
 
2.6  SUMMARY OF THE LITERATURE REVIEW 
 
Current literature on the state of stormwater attenuation with regards to the perceived 
impact of the allocation of saleable land to stormwater attenuation structures in a local 
context is extremely limited.  The current international research levels are at a point that 
is markedly more mature than the situation encountered locally.  
 
The economics of the interaction between multiple threads of legislation pertaining to 
attenuation policy in the context of the CoJ are not clear, or have not been extensively 
investigated. International research and policy decisions have provided an indication of 
how issues have been addressed, and the nature of problems typically encountered. 
This provides a degree of guidance locally but does not cater for the complex social, 
ecological, political and economic uniqueness of the situation experienced in 
Johannesburg. 
 
A large portion of work to date is either focused on the pure or “hard” engineering 
aspects of stormwater management and hydrology, or the economics of property 
development and valuation in isolation.  
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International research has highlighted the complexities and scale of stormwater 
management policies required to effectively implement and achieve the desired 
outcomes and the impact thereof on the development community. 
 
As a significant portion of development in the Johannesburg area is undertaken by 
private developers and there exists a lack of localised research with particular regard to 
the impact on stormwater policy on private developers. Combined with the immaturity 
and uncertainty associated with the current policy, it is therefore necessary to research 
this topic further. 
 
The proposed research is indicated as a basis for highlighting current attitudes and 
perceptions in a local context, and as a means to stimulating debate for shaping future 
stormwater regulation and policy, while creating an awareness of the issues highlighted. 
 
The following chapter describes the research methodology adopted to gather the data 
required to support the study objectives. 
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CHAPTER 3 
 
RESEARCH METHODOLOGY 
 
3.1 INTRODUCTION 
 
Chapter three seeks to explore the research design and methodology selected, including 
support for the adopted research methods and the selection of the data collection tools.   
 
The study, by virtue of the characteristics displayed, was clearly empirical in nature as 
identified by Mouton (2001) and the identified characteristics suited an analytical survey 
approach.  
 
The inherent nature of the research topic within the environmental context required the 
application of a quantitative research approach suited to a cross-sectional analysis of 
the sample in order to satisfy the research objectives.  
 
The quantitative approach provided the mechanism to test the postulated hypotheses 
and sufficiently explore the research topic. The most suitable research tool for the task 
was the use of a structured, self-administered questionnaire in order to provide the 
necessary framework for the credible statistical analysis and interpretation of the results. 
 
The research undertaken had the main aim of gathering primary data through structured 
self-administered questionnaires in such a manner that the influence of the researcher 
was minimised and the objectivity of the research underpinned.  
 
The outcome of the research is to promote and highlight areas that present as key 
issues within the results and apply this in testing the research hypotheses. 
 
3.2 DATA SOURCES 
 
In order to support the research objectives of the study, a combination of primary and 
secondary data formed the foundation of the research. A broad, multi-faceted literature 
review of traditional, non-traditional and electronic media sources, both local and 
international, formed the basis of the secondary information. This information provided 
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guidance in defining the key components and overall construct of the questionnaire 
utilised for the primary data collection task. 
 
3.3 SAMPLING CRITERIA 
 
The sample stratum was based on achieving a diversified cross-sectional sample of the 
private property development arena by targeting small, medium and large developers. 
The sample was drawn to be as closely representative of the total population as 
practicable in order to support valid results when generalised as the basis for an 
inferential representation (Wegner, 2007).  
 
The selection of a subset of Built Environment participants and role players provided a 
stratified sample as identified by Blaxter, Hughes and Tight (1996).   
 
The focus sample included commercial, industrial and residential developments 
undertaken by private developers in the specified geographic area. This approach was 
adopted as a result of the far reaching impact of stormwater attenuation policy 
irrespective of organisational size or market segment. 
 
The sampling definition provided by O’leary (2007) identifies representative 
characteristics that allow the research findings to be generalised back to the sample 
population as a determining factor in sample selection. 
 
The sample selection criteria were based on an analysis of the currently active property 
developers undertaking projects subject to storm water attenuation requirements in the 
Johannesburg area as defined in the project delimitations. Sampling took place within 
the specified regional limitations in order to ensure consistency. 
 
Respondents were drawn randomly from a sample of companies listed with the South 
African Property Owners Association (SAPOA), as well as a randomly selected sample 
of organisations drawn from municipal and engineering consultancy sources, providing a 
final stratified sample group. A final selection process attempted to ensure respondent 
validity and criteria satisfaction. 
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The sampling criteria aimed to access active developers within the delimitation 
constraints of the study and thus provide a broadly representative sample across the 
affected industry participants in relation to the hypotheses. 
 
 
3.4 RESEARCH METHODOLOGY 
 
In order to secure the data required to test the hypotheses the quantitative approach 
was adopted primarily through the use of self-administered questionnaires supplied to 
the sample group. A preliminary sample of interviews and questionnaires was used to 
ascertain key issues in preparation for the final questionnaire formulation. 
 
 
3.4.1 Design of the survey 
 
The investigation into the perceptions of property developers, in respect of the perceived 
economic impact of storm water attenuation on private developers, aimed to gather data 
from the current development environment as the basis for further analysis. 
 
The collected data formed the foundation for a representative view of the perceived 
trends that existed within the sample. The analysis, tabulation and representation of the 
data endeavoured to present a formalised viewpoint on developer perceptions in respect 
of the research problem and the associated hypotheses. 
 
The most efficient and technically suitable manner in which to obtain the requisite 
research data was through the use of self-administered surveys as the primary research 
instrument, supported by informal interviews as a preliminary gauging tool. The 
advantages of the questionnaire approach to research described by Kumar (2005) are 
the increased level of anonymity as well as being considered an economical tool in 
terms of financial resources.  
 
The research utilised a self-administered structured questionnaire to gather interval 
scaled data as a measure of attitudes and perceptions to a series of questions based 
predominantly on the use of the Likert scaling approach described by Wegner (2007). 
Questions were focused into groups related to the sub-problems. A statistical analysis 
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and tabulation of the resultant data forms the basis for a graphical and textual analysis 
and subsequent representation of the main trends identified. 
 
The survey was designed as an “e-survey” and paper based questionnaire distributed 
predominantly in PDF format via email to a pre-selected list of suitably qualified 
respondents. 
 
Responses and follow up correspondence were controlled through the use of a 
spreadsheet to capture, track and respond to questionnaire related issues. Follow up 
correspondence was undertaken as a dual medium exercise by email and 
telephonically. 
 
3.4.2 The design of the questionnaire 
 
The design of the research instrument under consideration was based on the premise 
that it would be a paper / electronic questionnaire format distributed via email in PDF 
format. In addition questionnaires were delivered by hand to a designated person at 
each respondent organisation where necessary or by fax where so requested. 
 
The questionnaire was to be self-administered as this limited potential for distortion 
caused by the presence of an interviewer, in conjunction with providing flexibility in 
completion options for the respondent. The targeted sample contact points consisted of 
middle to high level executives or business owners, and as such the time flexibility for 
questionnaire completion was selected in preference to a time consuming and less 
flexible interview approach. 
 
3.4.2.1  Question construction 
 
Consideration was given to the factors influencing questionnaire design as identified by 
Saris, van der Veld and Gallhofer (2004), namely question formulation, response scale 
selection, question positioning and the mode of data collection. 
 
The questionnaire was designed to comprise of closed questions of two to three succinct 
sentences related to the relative sub-topic objectives. Each question was subject to a 
weighted response ranging from 1 to 5 in order to optimise descriptive statistical analysis 
techniques, in addition an “unsure” option was also provided as a valid exit response. 
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A small number of exceptional questions required a positive / negative response, or the 
indication of applicable value and percentage ranges. The additional questions not 
based on a five point Likert scale served to extend the context of the collected data. The 
questionnaire gathered data within the three categories identified by Wegner (2007), 
namely administrative, demographic and informational. 
 
3.4.2.2  Questionnaire layout and length 
 
The major portion of the questionnaire was constructed to develop an ordinal response 
series as described by Blaxter et al., (1996), and to which a descriptive statistical 
analysis could be applied.  
 
Questions were loosely categorised into five sub-sections, each with a particular focus 
that served to guide the respondent and build a supporting level for subsequent 
questions while attempting to limit potential leading. The loosely categorised sub-sets 
were as follows:   
 
• Demographics and general policy perceptions. 
 
• Levels of policy knowledge. 
 
• Policy impact on project feasibility and property values.  
 
• Policy implications in respect of delays and maintenance impact. 
 
• Gauging of policy risk implications. 
 
 
The research instrument contained a total of 41 questions addressing the data required 
to support the study of the problem and the associated legislative environment.  
 
Initial estimates and testing indicated that the research instrument should require no 
longer than twenty minutes for completion. A twenty minute time frame was adopted in 
order to maximize the potential response rate while gathering sufficient data. 
 
 A small sample of five questionnaires was tested on a control audience to highlight any 
potential shortcomings, misinterpretation or ambiguity in any particular areas of the 
research instrument. Minor modifications were implemented based on verbal feedback 
from the preliminary testing participants and a post evaluation of the test questionnaires. 
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Experimental research undertaken indicated that the pre-testing of questionnaires has 
been shown to provide a positive indication of potential field problems that may be 
encountered (Forsyth, Rothgeb & Willis, 2004). 
 
 
3.4.3 The data collection procedures and administration 
 
The data collection procedure was based on the compilation of a list of potential 
respondents drawn from the development environment sources considered previously. 
The list was evaluated in order to ascertain whether companies met the criteria to 
participate in the study and confirmation of the eligibility of uncertain respondents was 
undertaken telephonically prior to questionnaire distribution. 
 
3.4.3.1  Distribution and follow up 
 
Questionnaires were emailed, faxed or hand delivered to all fifty eligible and initially 
identified respondents. The original distribution was followed up with a reminder email 
after the lapse of a two week period.  
 
A further follow up was conducted telephonically to all outstanding respondents in 
tandem with a final email reminder one week from the date of the previous reminder. 
 
Responses were received by fax or personally collected from respondents if required. 
The results of each questionnaire were compiled into a spreadsheet format, with all 
captured data independently verified against the original questionnaires as a control 
measure. 
 
All respondents were followed up with a brief acknowledgement of receipt and 
participatory thanks via email. 
 
3.4.3.2  Poor response rate and secondary distribution 
 
A poor response rate is noted as a key disadvantage of self-administered questionnaire 
based studies, with response rates of less than 10% not uncommon (Wegner, 2007).  
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The poor level of response to the initial distribution resulted in a response rate of 14% 
within the originally allocated time frame; this was deemed insufficient to generate a 
representative data sample. The impact of low response rates on the study is the 
effective reduction in sample size as described by (Kumar, 2005). 
 
 As a direct result of the poor response rate an additional distribution of a further 
fourteen questionnaires was undertaken. Furthermore, an extended follow up of the 
original group was conducted in order to increase the response levels thereby improving 
the cross-section and validity of the sample data.  
 
The second sample was conducted on the same distribution basis as the initial batch in 
terms of follow up and response, thereby extending the research period by an additional 
three week period. 
 
The final response rate obtained was 21 responses from a total distribution of 64 
questionnaires resulting in a 32.8% response rate. This percentage was deemed 
acceptable as a representative sample for the purposes of the study. 
 
3.5 DATA LIMITATIONS 
 
The limitations of questionnaire based research identified include sampling errors, high 
refusal rates, high levels of non-response, and data capture errors (Mouton, 2001). Self-
administered questionnaires are further impacted by a lack of control of the environment 
in which the questionnaire is completed. 
 
The research was impacted by an initially high level of non-response. This can, in part, 
be attributed to the current workload in the construction and development industries, as 
well as an apparent apathetic attitude to the support for academic research evident. In 
order to mitigate the effects of non-response a second group of developers was 
identified and forwarded questionnaires. This provided additional support in increasing 
the number of valid responses, improving overall data representation. 
 
Data capture errors were mitigated through the development of a clear questionnaire 
format and the use of an independent verification process of all data captured from the 
original documentation. 
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In spite of the research challenges posed, the data obtained is deemed to meet the 
requirements of a generally representative sample without any significant distortion or 
omission. 
 
3.6 SUMMARY OF THE RESEARCH METHODOLOGY 
 
The preceding chapter served to provide an overview of the research methodology 
adopted including the identification of the sample strata, data collection tool selection, 
questionnaire design and research management. These elements combined to 
accurately collect, administer and reflect the data that served as the primary input for 
analysis and interpretation in successive chapters. The subsequent chapter will set out 
the results of the survey. 
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CHAPTER 4 
 
RESULTS, ANALYSIS AND INTERPRETATION 
 
4.1 INTRODUCTION 
 
The study undertook to investigate the current perception within the private property 
development community as to the impact of stormwater attenuation policy on 
developers. Four hypotheses were developed from the underlying problem statements in 
order to guide the research and create a framework to adequately evaluate the current 
environment. 
 
The sample stratum of private property developers provided a final response rate of 
34.8% and served as the basis for the extraction and analysis undertaken in producing 
the results.  
 
The analysis of the data was based on the execution of a descriptive statistical measure 
that undertook to establish relevant frequency distribution characteristics and calculate 
mean values in relation to the perceived impact of stormwater attenuation on private 
property developers. Furthermore, a measure of standard deviation was applied where 
appropriate in determining the level of variance in the data and the homogeneity of 
responses. 
 
The resultant data, analysis, results and interpretation are applied to the testing of the 
previously identified hypotheses. An interpretation of the results relative to the 
underlying sub-problems has been developed, based on the supporting statistical 
information drawn from the questionnaire responses.  
 
In addition to the research information a small degree of data was captured for 
administration and demographic delineation purposes.  
 
The following chapter presents the results, analysis, and interpretation of the data 
collected, structured around the core sub-problems, with the express focus of 
establishing the information required to test the proposed hypotheses. 
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4.2 GENERAL DATA 
 
All references to question numbers refer to the questionnaire contained under Appendix 
D. The general data was utilised to establish a degree of demographic information as 
well as test the broad views of the sample group towards stormwater attenuation policy. 
 
4.2.1 Demographic data 
 
The initial questions posed in the research instrument served primarily to confirm the 
eligibility of the respondents as a result of having undertaken projects subject to the 
stormwater attenuation policy in the past, present or near future. In addition, an 
indication of the size of the respondent entity was established based on a range of 
annual turnover values. 
 
The respondent group provided a varied demographic profile that included a selection of 
large regional developers in the sample. The demographic composition of the sample 
respondents provided a distributed cross-section of the development community.  
 
Question 1 confirmed that 100% of the respondent group indicated the inclusion of 
attenuation facilities in projects thus validating admissibility to the sample group. 
 
In order to establish a rudimentary distribution of the size of organisations polled, 
Question 2 identified four possible ranges based on the annual monetary Rand value of 
development turnover in order to categorise respondents. Table 4.2.1a indicates the 
respondent profile relative to annual turnover of the sample composition. 
  
Table 4.2.1a: Respondents categorised by value of annual turnover.  
Response (%) 
Annual turnover category ( R.mil/pa) Parameter 
Unsure 
R 0-10 R 10-25 R 25-50 >R 50 
Annual turnover 
value 
0.0 0.0 19.0 28.6 52.4 
 
The above categories indicated that 52.4% of respondents had an annual turnover 
above R50 million per annum. The second largest category fell in the R25 to 50 million 
Rand range. The results indicated that 81.0% of respondents fell in the upper ranges. 
Developers in the upper range may be at greater risk of a negative impact as a result of 
either higher land values lost to attenuation ponds or, alternatively, a higher number of 
ponds across multiple developments. A potential benefit to the larger developers is the 
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ability to distribute stormwater attenuation pond costs over a greater number of units 
thereby minimising the impact thereof.  
 
Table 4.2.1b identified the percentage of developments undertaken by respondents that 
have been subject to the requirements for the inclusion of an attenuation pond within the 
stipulated timeframe. 
 
Table 4.2.1b: Percentage of total developments undertaken subject to attenuation pond  
requirements.  
Response (%) 
% of Developments subject to attenuation ponds Parameter 
Unsure 
0-25 25-50 50-75 75-100 
% of developments 
with ponds 
4.76 14.3 23.8 14.3 32.9 
 
The inclusion of attenuation ponds in 75% to 100% of developments returned the 
highest response rate at 32.9% and is indicative of the profound impact of current and 
proposed legislation on developers. The lowest response value, excluding the unsure 
option, occurred in both the 0-25% and 50-75% range.  
 
The long period required for town planning approvals and bulk service extensions has 
resulted in a situation whereby developments that were approved prior to stormwater 
attenuation regulations coming into force are still active in the development environment. 
Furthermore, projects impacting less then 0.85ha do not currently require attenuation.  
The current data reveals a transitory period as developers adapt to the changing 
legislative requirements. Current results support the view that the trend for future results 
would generally tend towards 100% as the stormwater policy becomes fully established. 
 
The proposed legislation contained in the Draft Catchment Management Policy of the 
CoJ will see a dramatic increase in the number of developments subject to attenuation 
with almost all future commercial projects nearing a 100% pond inclusion rate. Current 
levels of pond inclusion should be viewed as an interim result. 
 
4.2.2 General respondent views on stormwater attenuation policy 
 
As a preamble to addressing the issues raised in the identification of the sub-problems 
and the associated hypotheses, three questions were posed to evaluate the overall 
perceptions of the implementation of the stormwater attenuation policy. 
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4.2.2.1  The perceived consistency of stormwater policy application 
 
Figure 4.2.2.1 provided an indication of the perceived consistency in the application of 
the current stormwater attenuation policy across the development environment. 
 
The perceived consistency of stormwater policy application across 
public and private developments
23.8%
38.1%
14.3% 14.3%
9.5%
0.0%
0.0%
5.0%
10.0%
15.0%
20.0%
25.0%
30.0%
35.0%
40.0%
45.0%
Unsure Definitely Not =
1
2 3 4 Definitely = 5
 
Figure 4.2.2.1: The perceived consistency of stormwater policy application. 
 
The results of the above figure indicated a strong perception amongst developers that 
the stormwater attenuation policy was not uniformly or consistently applied across the 
development landscape, including both public and private development undertakings.  
No respondents felt that policy was definitely consistently applied. 23.8% responded as 
unsure indicating the possibility that insufficient environmental knowledge levels were 
available to formulate an opinion.  
 
The 38.1% response indicating “definitely not” in terms of consistency of policy 
application underlined a perception within the private development community that 
attenuation policy was definitely not uniformly applied. The implications of this view are 
the undermining of the policy and the creation and reinforcement of a negative view of 
stormwater control measures. The negative impressions have the potential to increase 
policy resistance levels and decrease the overall impact of stormwater management 
efforts. 
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4.2.2.2  Level of environmental benefit derived from stormwater policy 
 
Figure 4.2.2.2 indicated the respondent groups perception vis-à-vis the environmental 
benefits obtained through the implementation of the stormwater attenuation policy 
objectives. Respondents ranked the positive environmental impact of attenuation policy 
on a five point scale from “fully disagree” to “fully agree” as an indicator of environmental 
support in the sample group. 
 
Level of agreement that the stormwater attenuation policy has a 
positive environmental benefit
4.8% 4.8%
19.0%
23.8%
47.6%
0.0%
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10.0%
20.0%
30.0%
40.0%
50.0%
60.0%
Unsure Fully Disagree
= 1
2 3 4 Fully Agree = 5
 
Figure 4.2.2.2: Support levels for the positive environmental benefit of stormwater attenuation 
policy.  
 
The image presented by the results of the question pertaining to the environmental 
efficacy of the attenuation policy indicated that almost half of all respondents, (47.6%), 
tended to somewhat agree that the attenuation policy had a positive environmental 
impact.  
 
A further 23.8% indicated a neutral level of environmental impact. The results highlight 
the view that the development community is well aware of the intended benefits of the 
stormwater management and attenuation policy under consideration, and that there is a 
solid support level for the positive environmental impact of the policy.  
 
The low levels of respondents indicating a response of “fully disagree” indicated that 
there is a general level of acceptance that there is an overall benefit to the environment 
from the inclusion of stormwater attenuation facilities.  
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4.2.2.3  Adequacy of the stormwater attenuation policy in controlling stormwater 
 
Figure 4.2.2.3 presents the results of the research conducted with regards to the general 
opinion within the sampled group of property developers regarding the adequacy of the 
current attenuation policy in addressing stormwater control requirements. 
 
The perceived degree to which attenuation policy adequately 
addresses the issue of stormwater control
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Figure 4.2.2.3: The adequacy of attenuation policy in addressing stormwater control. 
 
The results indicated that 33.3% of developers perceived the attenuation policy to 
impact at a moderate level in terms of adequately addressing the issues of stormwater 
control, a further 28.6% indicate an above moderate level of agreement.  
 
19.0% of developers were unable to express an opinion on the effectiveness of policy; 
this high level of abstention may indicate a lack of knowledge of attenuation objectives 
as a basis to formulating an opinion.  
 
Only 4.8% of respondents indicated a total perceived failure of attenuation in stormwater 
control, this low value indicates that the development community is generally aware of 
the possible positive contribution of a managed stormwater approach and the 
implementation of suitable source control measures. 
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4.3 LEVELS OF STORMWATER RELATED LEGISLATIVE AND POLICY 
KNOWLEDGE IN THE DEVELOPMENT ARENA 
 
The focus of sub-problem one was the evaluation of the current levels of knowledge with 
regards to the policy and the supporting legislation related to stormwater attenuation. 
 
4.3.1 Policy and legislative knowledge levels 
 
The current legislative environment provides a complex backdrop to stormwater policy 
and the economic impacts thereof on the development environment. Table 4.3.1a 
indicates the level of knowledge of the current CoJ stormwater attenuation policy 
amongst the sample group respondents. 
 
Table 4.3.1a: Level of knowledge of CoJ stormwater attenuation requirements.  
Response (%) 
None ………………………………………………… Excellent Parameter 
Unsure 
1 2 3 4 5 
Level of CoJ policy 
knowledge 
0.0 9.5 28.6 33.3 14.3 14.3 
 
The levels of knowledge presented by the above table indicated that only 9.5% of 
respondents had no working knowledge of the current city stormwater policy. The results 
indicated that a portion of the development community is unaware of the implications of 
the policy requirements and is not in an informed position to manage the potential 
economic impacts on projects. 
 
28.6% of respondents indicated a basic level of policy knowledge, again indicative that 
the decision-making abilities of developers in maximising development potential may be 
impaired by an insufficient level of knowledge of the legislative environment in which 
they operate.  
 
The median response value of 3 attracted a response rate of 33.3% placing the largest 
group of respondents at an intermediate level of knowledge and thereby implying that 
significant scope remains for the improvement of policy dissemination by the CoJ, and 
assimilation within the development community.  
 
A response rate of 14.3% for both an above average and excellent knowledge are 
indicative of the changing levels of importance of policy knowledge in the development 
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environment. Respondents reporting knowledge levels above the median value may be 
in a better position to make informed policy decisions and have a competitive advantage 
in the development arena in comparison to lesser informed respondents.  
 
The stormwater attenuation policy in both current and future form is part of an integral 
relationship with the CoJ IDP and SDF, as well as national legislation. Table 4.3.1b 
indicates the survey results with respect to developer knowledge of the relevant 
individual regulatory components relevant to the stormwater policy. 
  
Table 4.3.1b: Knowledge levels of legislation impacting stormwater policy.  
Response (%) 
None ……………………………Excellent Parameter 
Unsure 
1 2 3 4 5 
x  
CoJ IDP knowledge 
level 
9.5 23.8 28.6 33.3 14.3 4.8 2.42 
Proposed CoJ  
stormwater policy 
knowledge 
0.0 57.1 23.8 14.3 4.8 0.0 1.67 
DWAF IWRM 
knowledge level 
4.8 57.1 28.6 0.0 9.5 0.0 1.60 
National Water Act 
knowledge level 
4.8 52.4 28.6 4.8 4.8 4.8 1.67 
 
The range of “unsure” responses in the above table is between 0% and 9.5%. The low 
levels of uncertainty indicated that, in general, respondents have identified the issues 
considered as relevant and have a developed opinion attached to their degree of 
importance. The implication of the preceding results is the potential for an information 
based chasm to form between private developers and the local authority, due to a lack 
of related knowledge and inefficient communication channels between the parties.  
 
4.3.1.1  City of Johannesburg (CoJ) Integrated Development Plan (IDP) knowledge level 
 
The response to knowledge of the CoJ IDP indicated that 23.8% of respondents had no 
knowledge of this policy document, with particular reference to the CoJ strategies for 
stormwater management. The response thus indicates that approximately a quarter of 
developers are unaware of the strategic development environment proposed by the city 
in which they operate. 
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A further 28.6% indicated a low level of knowledge and 33.3% indicated moderate 
knowledge levels, with only 4.8% indicating excellent knowledge levels. The mean 
response value was 2.42.  
 
The total percentage of below average to no knowledge responses equates to 54.2%, 
indicating that over half of the developers polled had limited knowledge of the IDP. This 
appears in spite of the fact that documentation is readily available from the CoJ website 
and being considered an important development planning tool with direct bearing on 
development support. 
 
4.3.1.2  Proposed City of Johannesburg (CoJ) Catchment Management Policy 
 
The response to knowledge levels of the proposed Catchment Management Policy 
documentation indicated 57.1% of respondents had no knowledge of the proposals, 
while 23.8% had little knowledge. A mean value of 1.67 was achieved indicating a below 
average knowledge level. 
 
The policy considered will form the basis for the revised stormwater attenuation 
requirements to be imposed by the city, and as such, will form the basis for more 
onerous requirements with a high potential for economic impact on developers.  
 
The combined total of 80.9% for little to no knowledge for a public draft policy released 
in 2006 indicates a poor distribution effort by the city coupled with a low level of interest 
expressed by the development community in monitoring current policy formation. It is 
this clear lack of knowledge over key impact areas that have the potential to create 
conflict between the local authority and developers, while negatively impacting and 
frustrating the development process. 
 
At a city level the results indicate that developers are not utilising the currently available 
documentation available and that the low levels of knowledge may impact negatively on 
projects in terms of development efficiency. Furthermore, the results indicated a 
potential lack of strategic insight on the part of developers. Based on the results of the 
preferred dissemination mechanisms for policy documentation from the city, it appears 
the CoJ to be ineffective in reaching the intended target audience. 
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4.3.1.3  Department of Water Affairs and Forestry (DWAF) Integrated Water Resources 
Management (IWRM) knowledge level 
 
The results for levels of knowledge of national legislation with regard, in particular, to the 
impact of stormwater legislation, follow the same trend as the regional results. High 
levels of none to little knowledge of the DWAF IWRM approach were exhibited. The 
combination of little to no knowledge categories represented 85.7% of respondents.  
 
4.3.1.4  National Water Act knowledge level 
 
High levels of none to little knowledge of the National Water Act were exhibited by the 
results. The combination of little to no knowledge categories represented 81.0% of 
responses.  The mean value of 1.67 supported the conclusion of poor knowledge levels. 
 
The national policies form the foundation and underlying basis for local stormwater 
policy. While a working knowledge of national legislation may be of limited benefit when 
compared to local policy knowledge, it remains as functional guidance and a valid 
framework to future policy direction. 
 
4.3.1.5  Level of effort applied in maintaining legislative knowledge levels 
 
Table 4.3.1c indicated the level of effort applied by private property developers in 
maintaining a current knowledge of stormwater related legislation. Respondents rated 
the level of effort applied in maintaining a current knowledge of stormwater related 
legislation affecting the private developer. 
 
Table 4.3.1c: Level of effort applied in maintaining a current knowledge of stormwater  
related issues.  
Response (%) 
None ………………………………… High Parameter 
Unsure 
1 2 3 4 5 
x  
Level of effort 
expended 
0.0 52.4 23.8 19.0 4.8 0.0 1.76 
 
The results indicated that 52.4% of respondents apply no effort in maintaining a current 
knowledge of current stormwater policy. These finding support the findings of the level of 
knowledge related to the individual policy areas identified in Table 4.3.1b, and appear to 
support the indication of particularly low levels of policy and legislation knowledge. A 
mean value of 1.76 indicated a below average mean response. 
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4.3.1.6  Receipt of stormwater documentation from the local authority 
 
In response to the questions ascertaining the level of policy documentation received 
from the local authority, results indicated that 23.8% of respondents had received 
documentation with respect to stormwater attenuation policy, while a 76.2% majority 
indicated that no documentation on the relevant policies had been provided. Figure 
4.3.1a provides a visual representation of the policy distribution findings. 
 
Stormwater Policy Documentation Received
24%
76%
Documentation
Received
No Documentation
Received
 
Figure 4.3.1a: Distribution of stormwater policy documentation to developers.  
 
The depicted results further support the preceding findings on the relative lack of 
knowledge of stormwater policy indicated in Table 4.3.1b. The lack of policy knowledge 
can be attributed to the lack of policy documentation distributed to developers during the 
initial preliminary development stages. 
 
4.3.1.7 Reliance on external advice for stormwater related issues during 
 planning and feasibility  
 
Questions 13 and 14 sought to establish the level of reliance that private property 
developers placed on external information sources and specialist consultants to meet 
the current regulatory requirements. These consultants include engineers, architects, 
town planners and environmental consultants. 
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Table 4.3.1d: Reliance on external advice for stormwater related issues during planning  
and feasibility.  
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  
Level of reliance on 
external advice 
0.0 4.8 9.5 9.5 23.8 52.4 4.10 
 
Table 4.3.1d indicated that 52.4% of developers agree that in order to accommodate the 
stormwater attenuation policy the use of external consultants constitutes a component 
on which a major reliance is placed in order to meet with local authority compliance 
requirements. The mean response value of 4.1 indicated an above average reliance. 
The present situation of consultant usage has a potential economic impact in terms of 
increased cost implications at an earlier stage during the project than would be required 
if developers had access to specific guidelines for preliminary feasibility and scoping.  
 
The impact of professional fees on costs is supported by research conducted by 
Sharma, (2005). Professional fees were identified as a key component in the cost of 
attenuation inclusion. The levels of external reliance may be related to the lack of 
documentation available to developers prior to the appointment of a full professional 
team.  
 
Table 4.3.1e: Ranking of perceived importance of external consultants with respect to stormwater  
attenuation.  
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  Rank 
Town Planner 0.0 57.1 19.0 9.5 4.8 9.5 1.90 5 
Architect 4.8 42.9 4.8 19.0 9.5 19.0 2.55 3 
Civil Engineer 0.0 0.0 4.8 0 9.5 85.7 4.76 1 
Environmental 
Consultant 
4.8 19.0 9.5 19.0 14.3 33.3 3.35 2 
Land Surveyor 9.5 47.6 14.3 19.0 4.8 4.8 1.95 4 
Legal Advisor 9.5 85.7 0 0 0.0 4.8 1.21 6 
 
The rankings of the importance of the role played by various external consultants based 
on mean response scores is presented in table 4.3.1e. The results provided a clear 
indication that an overwhelming majority of developers perceive the civil engineering 
consultant to be the most important consultant with a ranking of 1, and 85.7% of 
respondents indicating a major significance level, with a mean response value of 4.76.  
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The second most highly ranked role player was the environmental consultant with 33.3% 
of respondents indicating major importance, and a mean response value of 3.35. 
 
The results relating to the importance of the town planner and architect provide a 
surprising contrast to the development process followed by developers. Town planners 
and architects are ranked as being of minor significance, with mean values of 1.90 
(57.1%, minor impact) and 1.95 (42.9%, minor impact) respectively.  
 
The predominance of the engineer highlights an important anomaly in that the engineer 
is generally only significantly involved at a point beyond the initial town planning and 
SDP stage.  
 
Town planners influence the form of the proposed development and play a pivotal role in 
determining the drainage characteristics of a proposed development at a spatial level. 
The architect has extensive input in terms of aesthetics and space planning at the 
earliest stage of a development. An increased awareness of stormwater requirements at 
the initial planning stage may positively impact the incorporation of attenuation while 
minimising the impact of the stormwater attenuation policy.  
 
The inclusion of stormwater input from the outset of a project is potentially beneficial to 
the developer. The contribution of architects and town planners in this regard appears to 
be currently underestimated, according to the survey results. 
 
4.3.1.8 Preferred dissemination methods for stormwater policy documentation  
 
The research considered which channels of communication were most likely to be 
effective in reaching the private property development community. An analysis of the 
preferred methods of communication relating to the distribution of policy documentation 
is presented in Table 4.3.1f. 
 
An analysis of the results obtained produced a ranking hierarchy for the preferred 
methods of policy distribution. Of the top three methods identified by the research, none 
have been effectively utilised by the local authority. 
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Table 4.3.1f: Preferred methods of dissemination for stormwater policy documentation.  
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  s Rank 
Stormwater policy 
manual 
0 9.5 14.3 9.5 23.8 42.9 3.76 1.411 3 
Public presentation 14.3 38.1 28.6 19.0 0 0 1.78 0.808 5 
Dissemination through 
SAPOA 
19.1 19.0 23.8 33.3 4.8 0 2.29 0.920 4 
Dedicated website 14.3 0 4.8 4.8 9.5 66.7 4.61 0.850 2 
Summarised guideline 
booklet 
4.8 0 0 9.5 4.8 81.0  4.75 0.637 1 
 
National information is widely dispersed with little relevant consolidation for related 
legislation, and local legislation is not readily accessible. The results clearly identify an 
opportunity for improved communications and information dissemination.  
 
The two highest rankings demonstrated significant support from developers, with 81% 
indicating a major support level for a summarised policy booklet with an overall mean 
score of 4.75. The low standard deviation of 0.637 indicated limited variance further 
confirming the level of support.  
 
The second placed option for a dedicated website specifically for stormwater related 
policy elicited a major support level of 66.7% in favour of dedicated web resources. The 
mean value of 4.61 indicates a trend towards the major support level across the sample. 
The standard deviation of 0.850 confirmed the limited sample variance and clustering 
around the above average to major support levels. 
 
Given the trend towards an e-services culture being developed by the CoJ, the potential 
to leverage the CoJ electronic infrastructure, in support of policy distribution, is clearly 
evident and desirable. 
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4.4 STORMWATER ATTENUATION POLICY IMPACT ON PROJECT  
FEASIBILITY AND PROPERTY VALUES 
 
The second sub-problem concerned the evaluation of the collected data as a means to 
establish the level of economic impact that the inclusion of stormwater attenuation ponds 
and the application of the CoJ stormwater management policy are perceived to impact 
upon project feasibility. Furthermore, the collected data was used to establish the 
perceived impact on property values as a result of attenuation pond inclusion and by 
virtue of the relative proximity of affected properties in developments in relation to 
stormwater attenuation facilities. 
 
 
4.4.1 The impact of stormwater attenuation costs on development feasibility 
 
Anecdotal evidence in the development arena has identified stormwater attenuation 
policy as having a negative impact on the feasibility of developments, due to the 
increased costs associated with their implementation. 
 
The United States Environmental Protection Agency (1995) identified an increase in 
development density to offset the land loss attributed to stormwater attenuation 
requirements as a side effect of stormwater attenuation policy implementation.  
 
Question 18 sought to quantify the localised relationship of stormwater policy to 
development density. Table 4.4.1a indicated the frequency distribution of responses 
related to increased densities. 
 
Table 4.4.1a: Increased development density in response to stormwater attenuation policy.   
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  
Impact on development 
density 
9.5 19.0 9.5 4.8 19.0 38.1 3.53 
 
Table 4.4.1a indicated that 38.1% of developers agreed that the application of the 
stormwater attenuation policy results in a significant increase in the development 
density. A further 19.0% identified an above average impact in relation to densification. 
A mean value of 3.53 indicated an average level of impact thus supporting the 
Environmental Protection Agency (1995) findings of increased density in response to 
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attenuation requirements. The results further supported the potential for a negative 
economic impact in conjunction with the sociological and environmental consequences 
of policy reactive densification. 
 
The direct impact of attenuation inclusion on project feasibility was evaluated by 
question 19. The Likert scale utilised provided for a range from a minor impact to a 
major impact on project feasibility. Table 4.4.1b presents the results in a frequency 
response table as a percentage of the total sample. 
 
Table 4.4.1b: Impact of attenuation policy on project feasibility.  
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  s 
Feasibility impact of 
CoJ policy 
4.8 9.5 33.3 38.1 14.3 0.0 2.60 0.883 
 
The results indicated that in terms of overall feasibility, 38.1% of developers fell in the 
mid-range equivalent with the mean score of 2.60 tending to an equivalent Likert value 
of between 2 and 3, indicating a below average level of impact on project feasibility. The 
standard deviation of 0.883, less than one scale point, provided an indication that the 
results were not widely dispersed and provided a representative analysis of the sample. 
 
The results indicated that the impact of stormwater attenuation policy on project 
feasibility is limited. The result may be attributed to the current buoyant property markets 
where development costs can generally be recouped in the market price. In addition, the 
possibility exists that when costs are distributed across the total number of units in a 
development, the impact is diluted so as to be considered negligible to a large extent. 
 
The results of question 20 present an indication of the direct impact of stormwater 
attenuation policy vis-à-vis the impact of the requirements for attenuation ponds on the 
per unit selling price by the developer. 
 
Table 4.4.1c: Impact of attenuation policy on per unit selling price.   
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  s 
Impact on per unit 
selling price. 
14.3 14.3 28.6 33.3 9.5 0.0 2.44 0.922 
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Table 4.4.1c indicated that 33.3% of respondents showed a moderate impact, while a 
further 28.6% indicated a below average impact. The mean value of 2.44 tended to the 
left of the central response value of 3, thus indicating an equivalent Likert scale value of 
between 2 and 3. The result suggests a below average impact of attenuation inclusion 
on per unit selling price. A standard deviation of 0.922 across the sample supports the 
validity and does not indicate excessive distortion within the response data. 
 
The resultant low impact may be sensitive to the number of units contained in a 
development. Additionally it may be subject to some level of variance, but is indicative 
that the inclusion cost of an attenuation pond, when distributed over the total 
development cost, does not pose an overly adverse impact on the final sale price of 
stands or units.  
 
Table 4.4.1d provides the results in respect of question 21 and the impact of stormwater 
attenuation policy inclusion on overall profitability. The mean value of 2.26 tended to the 
left of the central response value of 3 and no values were recorded for responses of 4 or 
5, indicating an average to below average level of impact. 
 
Table 4.4.1d: Impact of attenuation policy on development profitability.   
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  s 
Impact on  development 
profitability 
9.5 23.8 19.0 47.6 0 0 2.26 0.872 
 
The highest response frequency, totalling 47.6 % of the sample, occurred at a response 
value of 3, indicating that the profitability of developments in the current environment are 
not adversely impacted to any significant degree by the inclusion of stormwater 
attenuation policy requirements. Should a significant profitability impact have been 
experienced, given the profit driven nature of private development, the number of 
respondents under ratings of 4 and 5 would have been far higher. The standard 
deviation of 0.872 further supported the validity of the response range. 
 
The results potentially indicated that the associated costs of attenuation pond inclusion 
have been incorporated into the development costs from inception or, alternately, that 
the cost of attenuation facilities with regard to overall project budgets do not have a 
major impact at current market profitability levels. 
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Table 4.4.1e presents the results with regards to the impact of attenuation policy 
inclusion on the amount of professional fees expended to meet policy requirements 
determined by question 22. 47.6% of respondents indicated a less than average impact 
tending towards minor. 
 
Table 4.4.1e: Impact of attenuation policy on professional fees .  
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  
Impact on professional 
fees 
4.8 14.3 47.6 19.0 9.5 4.8 2.40 
 
The potential impact of increased professional fees as a function of stormwater 
attenuation policy previously identified in the international literature reviewed did not 
manifest as a significant cost item in a local context. The results provided a mean value 
of 2.40.  
 
The analysis of the response frequency indicated 47.6 % of responses occurred at a 
response value of 2, (below average). The majority response to the below average 
value, and a mean value of 2.40 supports the view that the potential increase in 
professional fees is considered of little impact to the private developer. 
 
Local professional fees are generally calculated as a percentage of value of work 
undertaken, as per the relevant professional body fee scale. The implication of the result 
is that the inclusionary cost of attenuation has a minor cost implication to the overall 
development value on which fees are based, hence limiting the impact of fee increases 
as a result of specific stormwater attenuation pond inclusion. 
 
4.4.2 The impact of stormwater attenuation inclusion on property values 
 
Klein (2003) established that in the United States the proximity of a land parcel or 
housing unit to an attenuation pond, and the type of pond, had the potential to impact on 
property value. This was further supported by the findings of the United States 
Environmental Protection Agency (1995) research.  
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4.4.2.1  The direct impact of attenuation ponds on property values 
 
A further question on the economic impact of attenuation policy requirements, 
particularly in respect of attenuation ponds, is whether the required measures have a 
notable detrimental affect on property prices in the immediate vicinity of pond facilities. 
The results obtained were based on developer opinion only and did not take into 
account actual deeds office data for relevant sales. Tables 4.4.2.1a and 4.4.2.1b 
indicate the results pertaining to pricing and valuation impact.  
 
Table 4.4.2.1a: The perceived impact of attenuation pond proximity on property value. 
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  s 
Immediate proximity to 
attenuation facilities 
14.3 19.0 4.8 38.1 19.0 4.8 2.83 1.200 
 
Question 23 considered the proximity of attenuation facilities on property value. The 
results indicated in table 4.4.2.1a show that the highest response frequency occurred at 
an average impact level of 3 and a mean response value of 2.83.  
 
The mean value tends towards a moderate impact and provides an indication that the 
issue is a consideration to developers but is not perceived to be a major obstacle. The 
standard deviation across the response range is equal to 1.200 and indicates a value 
greater than a 1 scale point difference.  
 
The high standard deviation indicates a broad response spread and a corresponding 
range of respondent perceptions. The initial data suggest that there is not a consistently 
perceived impact on property value at the time the research was conducted. 
 
The result should be considered in light of the fact that the inclusion of ponds is a 
relatively new measure, and local purchasers are not generally aware, or familiar with 
attenuation facilities. As public knowledge of attenuation facilities becomes more widely 
distributed the result may shift to a greater positive or negative perception as indicated in 
research conducted by Klein (2003). 
 
Table 4.4.2.1b indicates the property value implications of proximity to a “wet” and “dry” 
stormwater attenuation pond respectively. 
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The proximity to a “dry” pond was perceived to have a moderately negative impact on 
property value supported by 38.1% of respondents indicating a Likert scale value of 3 
with a closely corresponding mean value of 3.05. The result confirms that there is no 
major perceived relationship between dry pond proximity and negative property value. 
 
The results for the proximity to a “wet” pond indicated a more significant impact on value 
as indicated by a mean response value of 3.39 and the highest response frequency 
attributed a value of 4, thereby indicating an above average impact.  
 
The result may be attributed to the more visible impact of a permanent water pool and 
the associated issues such as safety, aesthetics and pollution identified by the United 
Kingdom based research of Apostolaki and Jefferies (2005).  The result is in contrast to 
the “pond premium” identified by Schueler (2000a) and the United States Environmental 
Protection Agency (1995). 
 
Table 4.4.2.1b: The perceived impact of attenuation pond type on surrounding property value. 
Response (%) 
Low ……………………………… High Parameter 
Unsure 
1 2 3 4 5 
x  
Proximity to “dry” type 
pond 
9.5 14.3 9.5 38.1 14.3 14.3 3.05 
Proximity to “wet” type 
pond 
14.3 4.8 14.3 19.0 38.1 9.5 3.39 
 
A metric of the relative importance of stormwater attenuation impact on the project 
economics was investigated by question 28, considering the level of support for 
alternative attenuation measures that would have a lesser impact on the amount of 
developable land lost, in comparison to traditional attenuation pond facilities.  
 
Table 4.4.2.1c identifies that 52.4% of respondents indicated the highest level of support 
of 5, for less land intensive measures. The mean value of 4.40 indicates a clear trend 
with the value falling in the above average to high range. In the context of the current 
development environment and rising land costs the result confirms the significance of 
the perceived value of land lost to stormwater attenuation measures. The result 
supported the findings of Wossink and Hunt (2003) in respect of land value as potentially 
the largest single cost of BMP implementation.  
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Table 4.4.2.1c: Level of support for less land intensive attenuation measures. 
Response (%) 
Low ………………………………… High Parameter 
Unsure 
1 2 3 4 5 
x  
Alternative measure 
support level 
4.8 0.0 4.8 4.8 33.3 52.4 4.40 
 
 
4.4.2.2  The perceived environmental value of stormwater attenuation pond inclusion 
 
Over and above the direct impact on property values as a function of attenuation pond 
proximity, there also exists the potential to incorporate the facilities in such a manner as 
to gain an environmental and aesthetic benefit.   
 
Table 4.4.2.2a indicates the response to question 24, in which the extent that developers 
have incorporated attenuation facilities into the overall aesthetic or recreational 
component of the development as an aid to marketing has been considered. 
 
Table 4.4.2.2a: Level of attenuation incorporation and aesthetics in support of 
 marketing objectives. 
Response (%) 
Low ………………………………… High Parameter 
Unsure 
1 2 3 4 5 
x  
Attenuation marketing 
support levels 
14.3 19.0 19.0 19.0 23.8 4.8 2.72 
 
The results indicated an evenly distributed response with an approximately equal 
response profile across the ordinal scale up to an above average response value of 4, at 
which point the maximum value of 23.8% occurred.  
 
The results indicated that the incorporation of attenuation facilities into the development 
and marketing strategy appears to be of below average significance to developers, with 
less than 25% of developers indicating an above average support level for utilising the 
potential of pond affected landscapes. The mean value of 2.72 falls below the average 
level of support. 
 
In light of tightening legislation, developers may be required to adopt a more creative 
approach to leveraging the potential benefits of attenuation system into the development 
marketing strategy. The current result indicated that marginal value is placed on the 
environmental potential of attenuation incorporation. 
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 Table 4.4.2.2b: Level of agreement of support for improved environmental and aesthetic 
opportunities provided by attenuation measures. 
Response (%) 
Fully Disagree……..………Fully Agree Parameter 
Unsure 
1 2 3 4 5 
x  
Level of aesthetic & 
environmental 
enhancement  
9.5 14.3 14.3 23.8 28.6 9.5 3.05 
 
Question 25 investigated the level of agreement within the development community of 
support levels for improved environmental and aesthetic opportunities provided by 
attenuation measures. Table 4.4.2.2b indicated that developers exhibited a moderate 
level of agreement with the level of opportunity presented by the stormwater attenuation 
policy with regards to the leverage and promotion of environmental integration and 
aesthetic enhancement.  
 
23.8% of respondents reported a neutral response while 28.6% tended to partially agree 
with the statement. A mean value of 3.05 supported the neutral response level of 
agreement.  
 
The results indicated that the full potential of integration and aesthetic enhancement 
based on current stormwater attenuation requirements are not major consideration 
factors and that potential in this regard is not being effectively utilised. The result is 
further supported by an inspection of current CoJ aerial photography indicating that the 
majority of pond structures are of the “dry” pond type with minimal landscaping effort. 
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4.5 THE PERCEIVED IMPACT OF STORMWATER ATTENUATION INCLUSION 
ON PROJECT DELAYS AND MAINTENANCE COSTS. 
 
The third sub-problem sought to evaluate the collected data in relation to the economic 
impact of attenuation policy on project maintenance costs and delays attributed directly 
to the inclusion of attenuation facilities. 
 
4.5.1 The impact of stormwater attenuation inclusion on maintenance costs. 
 
The inclusion of attenuation ponds in new developments is perceived to have a negative 
impact in terms of both the immediate and long term maintenance costs for the 
development under consideration.  
 
Table 4.5.1a indicates the degree of consideration given to the long term maintenance of 
attenuation pond structures for new developments by developers. 
 
Table 4.5.1a: Impact of long term maintenance considerations during pond design and  
feasibility analysis. 
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  
Maintenance impact 
consideration level 
9.5 38.1 19.0 19.0 14.3 0.0 2.11 
 
The results indicated that 38.1% of developers attributed only minor consideration to the 
issue of long term maintenance, with only 14.3% of respondents indicating an above 
average consideration for these costs.  
 
The majority indication of only minor consideration given to maintenance costs can likely 
be attributed to the fact that the attenuation facilities will be handed over to the 
homeowners association on completion of the development and no longer remain the 
responsibility of the developer, thus the responsibility period of the developer is of a 
short term nature only. 
 
The mean value of 2.11 clearly indicated a level of consideration marginally above a 
below average level of impact. It is clear from the results that long term maintenance 
considerations are generally not a factor influencing pond design and may pose long 
term sustainability constraints on both the affected development and the surrounding 
environment. 
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Table 4.5.1b provides a summary of results indicating the level of agreement with a 
statement indicating that the inclusion of attenuation facilities has a negative impact on 
the financial status of the management body of affected developments. 
 
Table 4.5.1b: Negative financial implications of attenuation pond maintenance on development 
management bodies. 
Response (%) 
Disagree …………………………… Agree Parameter 
Unsure 
1 2 3 4 5 
x  
Maintenance has a 
negative impact on 
development 
management bodies 
4.8 9.5 38.1 38.1 4.8 4.8 2.55 
 
The responses indicated that there is a predominantly mild to a somewhat neutral level 
of disagreement with regards to the financial impact of attenuation pond inclusion in 
respect of the financial implications on development management bodies.  
 
38.1% of respondents indicated a neutral response, while a further 38.1% indicated 
moderate disagreement with the statement.  A mean scale value of 2.55 was calculated. 
The result indicated that the general level of perception amongst developers is that the 
impact of attenuation facility maintenance costs does not have a notable impact on the 
financial capabilities of a body corporate or homeowners association. This is in contrast 
to views obtained during informal interviews of selected developers. 
 
The limited time frame that attenuation ponds have existed in the current development 
landscape may be insufficient to develop a realistic representation of maintenance costs. 
Moreover, no regulatory mechanism exists to monitor the state of repair of stormwater 
attenuation facilities, hence limited consequences for neglect in the form of fines exist, 
further reducing perceived maintenance costs. 
 
The amount of rehabilitation undertaken by developers in restoring the effectiveness of 
attenuation pond facilities prior to final handover to the development management body 
is considered to have an impact on the costs incurred by the management body in 
conducting long term maintenance. The main rehabilitative components include 
restoration of bank grassing due to initial erosion, silt removal as a result of construction 
activities and repairs to inlet and outlet structures. 
 
Table 4.5.1c presents the results pertaining to levels of pond rehabilitation undertaken 
by developers prior to development handover to the managing body. 
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Table 4.5.1c: Degree of pond rehabilitation undertaken by developers prior to handover. 
Response (%) 
None ………………………… Extensive Parameter 
Unsure 
1 2 3 4 5 
x  
Degree of pond 
rehabilitation 
4.8 14.3 19.0 14.3 28.6 19.0 3.20 
 
The results indicated that combined, over 50% of developers undertake moderate to 
extensive rehabilitation work. 28.6% undertake above average levels of work while 
19.0% undertake extensive levels of work. The mean score of 3.20 suggests that post 
construction, pre-handover rehabilitative work is considered a significant component of 
the incorporation of stormwater attenuation into a development. 
 
The results further indicated that developers were aware of the maintenance related 
issues pertaining to pond management and efficiency. The degree of rehabilitation 
undertaken may, in part, be attributed to the stringent inspection criteria laid down by the 
Johannesburg Roads Agency prior to final approval and certification of attenuation 
facilities. The inspection process ensures that developments meet the required 
parameters from the outset and avoid legacy capital costs to the managing body.  
 
Table 4.5.1d evaluated the level of knowledge that developers posses vis-à-vis the 
maintenance requirements of attenuation ponds. Almost half of the respondents  
(47.6%) indicated a below average knowledge of pond maintenance requirements while 
a further 19.0% indicated no knowledge at all. 
 
Table 4.5.1d: Level of knowledge of pond maintenance requirements. 
Response (%) 
None ………………………… Excellent Parameter 
Unsure 
1 2 3 4 5 
x  
Knowledge of pond 
maintenance 
requirements 
0.0 19.0 47.6 19.0 9.5 4.8 2.33 
 
The mean value of 2.33 placed the respondent level of knowledge only marginally above 
the below average response of two. The results indicated that there is a considerable 
lack of knowledge within the development community with regards to the maintenance 
requirements of stormwater attenuation pond facilities. This lack of knowledge has the 
potential to impact on the development economics as well as the long term sustainability 
and maintenance cost. Additionally, with no municipal pond monitoring program in place 
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the need for self-regulated maintenance independence is imperative for the safe and 
effective functioning of the systems in place. 
 
 
4.5.2 The impact of stormwater attenuation inclusion on project delays 
 
The inclusion of attenuation ponds in new developments is perceived to generally 
increase the number of delays in both plan approval and final project approval. The 
economic impact of these delays is the resultant higher holding costs, delayed property 
transfer for developers, and the associated cash flow implications. Table 4.5.2a provides 
the tabulated results of the impact of pond inclusion on delays at the initial design and 
approval stages of the development process. 
 
Table 4.5.2a: Impact of approval delays directly attributed to stormwater attenuation. 
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  
Impact of approval 
delays due to 
attenuation 
4.8 4.8 14.3 23.8 23.8 28.6 3.60 
 
The results indicated that 28.6% of respondents deemed the impact of attenuation policy 
on approvals as a major cause of delay. An equal number of respondents (23.8%) 
indicated an average and above average level of impact. The mean value of 3.60 
supported the above average level of impact.  
 
Given the length of time required from inception to completion of a development project 
it is likely that a certain proportion of the reported delays may be attributed to problems 
related to the initial stormwater policy implementation. These factors may resolve over 
time but the current situation clearly implicates attenuation policy as an above average 
factor vis-à-vis project delays.  
 
Table 4.5.2b presents the impact of attenuation policy on the issuance of final clearance 
certificates by the local authority. The clearance certificate is a prerequisite for the 
transfer of property and per se, is pivotal in managing the cash flow of a development 
project, as well as impacting the subsequent legal, sales,  and registration processes. 
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Table 4.5.2b: Impact of attenuation policy on the issuance of clearance certificates. 
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  
Impact of attenuation 
on clearance certificate 
issuance. 
4.8 4.8 14.3 19.0 28.6 28.6 3.65 
 
As a result of the close linkage of the issuance of clearance certificates to development 
finances, 28.6% of developers have indicated a response for an above average and 
major impact. The impact of clearance delays has the potential for delayed transfers and 
the subsequent increased holding costs. The above average mean of 3.65 lends 
additional support to the evidence supporting the impact of attenuation policy on final 
approval. 
 
Given the high levels of current development and increasing land values, the efficiency 
of the development process is of growing significance. In this regard questions 31 and 
32 investigated the likelihood of a legal challenge to the enforcement of the current 
attenuation policy as well as the potentially more onerous future policy contained in the 
CoJ CMP. 
   
Table 4.5.2c: Potential for a legal challenge to current and proposed attenuation policy. 
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  
Support level for a legal 
challenge to current 
policy 
4.8 47.6 14.3 19.0 9.5 4.8 2.05 
Support level for a legal 
challenge to proposed 
policy 
9.5 33.3 4.8 33.3 14.3 4.8 2.47 
 
The results above indicate that, in general, the level of support for a legal challenge to 
both the current and proposed legislation is minor to below average with 47.6% of 
developers reporting minor support, with a mean value of 2.05.  
 
A support level of “minor” can generally be disregarded as negligible. The evident level 
of support may be attributed to the large potential costs involved, prolonged delays and 
the possibility of limited success. 
 
The results further indicated that developers are willing to accept the policy and 
incorporate the economic impact into the initial development costs rather than begin a 
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protracted legal battle. The highly fragmented nature and diversity of the private 
development arena are additional factors that limit the will to pursue a legal challenge. 
 
The proposed policy met with a higher level of respondents indicating a moderate level 
of support (33.3%) for a possible legal challenge, while a further 33.3% indicated minor 
support. The mean value in this regard was 2.47. 
 
Potential motivating factors behind the increased potential for opposition to the proposed 
policy results are the perception that the regulations have not yet been promulgated, and 
in isolation are more likely to be open to amendment. Further support may exist in a 
higher level of confidence on the ability to influence draft policy as opposed to final 
promulgated regulations. 
 
The specific implementation of a more onerous stormwater attenuation policy as 
presented in the draft CMP met with 42.9% of developers indicating that they were in 
above average opposition to such measures, with a further 19.0% indicating a moderate 
level of resistance. The comprehensive results are indicated in Table 4.5.2d 
   
Table 4.5.2d: Degree of resistance to more stringent stormwater control measure as 
proposed by the CoJ CMP. 
Response (%) 
Weak ……………………………… Strong Parameter 
Unsure 
1 2 3 4 5 
x  
Degree of resistance to 
more stringent 
stormwater controls 
9.5 0.0 19.0 9.5 42.9 19.0 3.68 
 
The mean value of 3.68 indicated that developers view the proposed changes in a 
strong light and have indicated an above average level of resistance. The results confirm 
that stormwater control policy has a definite perceived impact on the development 
community, and that developers are reluctant to have to devote additional resources to 
meet compliance objectives. 
 
Based on the responses to the preceding results pertaining to the levels of resistance to 
stormwater attenuation and management policy, it is clear that there is a need to 
address the concerns of the development community. The findings indicate a need for 
the local authority to develop strategies to overcome resistance levels and ease the 
transition to a uniform stormwater management policy that is both sensitive to the needs 
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of developers while fulfilling the city’s fundamental principles of sustainable service 
delivery and environmental sustainability.   
 
4.5.3 The level of information provided by developers to development managing 
bodies 
 
The developer is in a position to become an information source for the development end 
user in the form of a body corporate or homeowners association. Question 40 evaluated 
the response of developers as to their level of information provision to the managing 
bodies of new developments in respect of the included stormwater attenuation facilities.  
Table 4.5.3a presents the results in respect of the level of information provided. 
 
Table 4.5.3a: Level of attenuation information provided to managing bodies.  
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  
Degree of information 
supplied to managing 
body. 
9.5 14.3 23.8 19.0 28.6 4.8 2.84 
 
The mean value of 2.84 indicated a below average number of developers provided 
attenuation related information to managing bodies.  28.6% of developers indicated 
above average levels of support in respect of the distribution of pond related information, 
while 14.3% of developers indicated minor commitment levels in support of information 
distribution. The wide range of values indicates that there is a lack of consistency within 
the development environment, and current policy structures do not clearly address the 
requirements of attenuation pond management. 
 
Developers have no major impetus to promote the long term management objectives of 
stormwater control measures implemented due to the limited timeframe of developer 
involvement in each project. The result represents an opportunity for a greater level of 
awareness to be created from the outset of a development in support of both public 
awareness and maintenance requirements. 
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4.6 STORMWATER ATTENUATION POND INCLUSION IMPACT  
ON PROJECT RISK 
 
The final sub-problem was evaluated in relation to the data collected in respect of the 
impact of attenuation pond inclusion on the level of potential liability and development 
risk associated with attenuation ponds becoming an integral part of  new developments.  
  
4.6.1 The impact of stormwater attenuation pond inclusion on project risks 
  
The mandatory inclusion of attenuation facilities provides an additional level of 
responsibility for developers and their subsequent successors in title. Apostolaki and 
Jefferies (2005) identified safety risk concerns as a high priority in community surveys 
conducted in the United Kingdom. 
 
Question 39 evaluated the developers perceived level of additional risk that 
developments incurred, with particular regard to the safety measures and potential for 
liability and associated claims resulting from the inclusion of attenuation facilities. Table 
4.6.1a provides the results regarding the perceived levels of pond related liability. 
  
Table 4.6.1a: Safety liability risk as a result of attenuation pond inclusion. 
Response (%) 
Minor ……………………………… Major Parameter 
Unsure 
1 2 3 4 5 
x  
Perceived liability risk 
of attenuation inclusion 
4.8 9.5 9.5 33.3 38.1 4.8 3.20 
 
The concentration of responses occurred in the above average and average ranges with 
38.1% indicating an above average impact followed by 33.3% indicating average impact. 
The mean value of 3.20 confirmed a marginally above average risk impact. 
 
The result indicated that the liability issue under consideration has been taken 
cognisance of by developers. The results indicate that there is a clear level of 
awareness for potential liability claims but the low response level to a major impact may 
be attributed to the low incidence of claims to date as well as the lack of a litigation 
culture in South Africa. The above average awareness is an indicator that the 
development community acknowledges the existence of a potential threat to developers. 
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Table 4.6.1b provides the results of responses to a series of risk related issues identified 
as being of potential economic impact as a result of stormwater attenuation pond 
inclusion. 
 
Table 4.6.1b: Impact of perceived risk factors as a result of attenuation pond inclusion. 
Response (%) 
Low ……………………………… High Parameter 
Unsure 
1 2 3 4 5 
x  
Maintenance related 
pond failure 
0.0 23.8 28.6 19.0 28.6 0.0 2.52 
Design related pond 
failure 
0.0 38.1 33.3 9.5 19.0 0.0 2.10 
Flood risk to 
neighbouring properties 
4.8 33.3 33.3 19.0 9.5 0.0 2.05 
Adequacy of design 
criteria 
0.0 28.6 38.1 14.3 14.3 4.8 2.29 
Danger to development 
residents 
0.0 38.1 23.8 14.3 19.0 4.8 2.29 
Catastrophic Pond 
collapse 
4.8 33.3 47.6 4.8 9.5 0.0 1.90 
Pond related 
litigation 
9.5 33.3 28.6 14.3 14.3 0.0 2.11 
 
4.6.1.1  Level of maintenance risks resulting from attenuation pond inclusion 
 
The effectiveness of an attenuation pond solution is often determined by the long term 
maintenance applied to the facility in order to maintain the design level of service.  The 
risk response to pond related failure indicated that no respondents perceived this to be 
of high importance. 28.6% responded to an above average level of awareness, the 
highest response to all of the considered risk issues. The response profile and mean 
value of 2.52 indicated that the developers in general are aware of the role of 
maintenance in pond operation but perceived an overall below average level of concern 
from a risk perspective. 
 
4.6.1.2  Level of design related risks resulting from attenuation pond inclusion 
 
The risks apportioned to the potential for design related pond failure was considered 
minor with 38.1% of respondents indicating as such. This was followed by 33.5% 
indicating a below average response. The implication of this result indicates a level of 
confidence in stormwater attenuation pond design practice.  
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Pond structures may only be designed by competent registered professionals and are 
thereby perceived to have a low level of risk; this is further supported by the fact that the 
relevant design professionals are required to carry professional indemnity insurance with 
regard to design work executed. These factors appear to mitigate the perceived risk of 
design failure. The mean value of 2.10 places the risk point at a level marginally above a 
below average perception. 
 
4.6.1.3 Level of flooding risk to neighbouring properties resulting from 
 attenuation pond inclusion 
 
Flood risk to neighbouring properties linked to pond operation or failure indicated that 
respondents consider this risk element to be of low significance. An equal number of 
respondents, 33.3% in each case, indicated low and below average risk. The low risk 
apportioned may in part be linked to the level of confidence indicated with regard to the 
design risk above. The mean value of 2.05 places the risk level at a point marginally 
above below average. 
 
4.6.1.4  Design adequacy for attenuation pond inclusion 
 
The adequacy of the applied design criteria indicated that 28.6% of respondents 
deemed the associated risks to be low while 38.1% deemed them to be below average. 
The mean value of 2.29 indicated a low level of risk was apportioned to design criteria. 
The adequacy is again linked to the involvement of a professional designer with 
indemnity insurance and the developer is generally not directly involved at a technical 
design level, other than through the appointment of the registered professional 
consultant. 
 
4.6.1.5 Risk of endangering development residents through the inclusion of  
 attenuation facilities. 
 
The potential risk of danger levels exposed to the residents of developments containing 
stormwater attenuation ponds indicated a response rate of 38.1% indicating a low 
impact with a further 23.8% indicating a below average risk priority. The primary safety 
concerns raised by Apostolaki and Jefferies (2005) in research undertaken in the United 
Kingdom, in contrast, indicated that the potential danger and safety concerns to 
residents was considered of above average importance. The disparity in results can 
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possibly be attributed to the lower levels of personal liability litigation encountered in 
South Africa, in conjunction with lower levels of safety awareness in the local 
development community. Local legislation in its current form does not address the risks 
of attenuation pond inclusion on the safety of residents. 
 
4.6.1.6  Risk attributed to the potential collapse of an attenuation structure 
 
Table 4.6.1b furthermore considered the risk attributed by developers to the potential for 
a catastrophic pond collapse in light of the fact that a large portion of attenuation ponds 
are built based on variations of earth fill embankment structures. 33.3% of respondents 
indicated a low risk for total failure, while 47.6% indicated a below average risk. The 
combined total of these two groups exceeds 80% of respondents, providing a clear 
indication that the risk is perceived to be at a level between low and below average as 
supported by a mean score of 1.90, the lowest of all analysed risk values obtained. 
 
The attenuation regulations have only been in effect for a relatively short period and 
have not been exposed to exceptional hydrological events. The current level of 
perceived risk should be viewed in this light as many facilities only recently constructed 
have not been exposed to severely adverse storm events or long term maintenance 
neglect. 
 
4.7 CONCLUDING REMARKS ON THE RESEARCH RESULTS 
 
The results and analysis of the research data indicated the complexity of the stormwater 
environment and the level of interaction across the social, political and environmental 
arenas. The research conducted was focused on testing the hypotheses proposed and 
as such leaves much scope for additional detailed research into specific areas of the 
CoJ Stormwater Management Policy. 
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CHAPTER 5 
 
TESTING THE HYPOTHESES 
 
5.1 INTRODUCTION 
 
In order to support or refute the hypotheses proposed, an analysis of the results was 
considered in relation to each individual hypothesis.  The results obtained provided an 
indicative level of support for each hypothesis in determining the validity thereof in each 
case. 
 
5.2 TESTING HYPOTHESIS 1 
 
5.2.1 Summary of the findings in respect of hypothesis 1 
 
The analysis of the results directly related to the prevalent level of knowledge of local 
attenuation policy and the associated legislative framework within the sample group. The 
results indicated generally poor levels of knowledge of the CoJ IDP and the proposed 
Draft Catchment Management Policy. Knowledge of existing policy reflected average 
knowledge levels. Figure 5.2.2a provides an illustrative summary of the response profile.  
 
National legislation knowledge, the underlying catalyst of local policy, indicated low 
levels of knowledge with a majority indicating no knowledge of the DWAF IWRM and 
National Water Act requirements. 
 
Developers indicated that little effort is expended in maintaining a legislative knowledge 
of stormwater related policy and the findings confirm that less than a quarter of 
developers have ever received documentation regarding the stormwater attenuation 
policy from the local authority, thereby placing extensive reliance on external 
consultants.  
 
The findings further indicated that the three highest developer ranked methods for the 
distribution of stormwater management policy information have no current 
implementation, thereby limiting information available to market through the preferred 
channels. 
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Figure 5.2.2a: Hypothesis 1 – Test of policy and legislative knowledge levels.  
 
5.2.2 Validity of hypothesis 1 
 
Hypothesis 1 postulated the following: 
 
“The attenuation policies and legislation are poorly communicated and 
promoted to the development community.”  
 
The detailed results considered under Chapter 4 in relation to policy knowledge and 
dissemination effectiveness of stormwater attenuation policy support the original 
hypothesis. Figure 5.2.2a indicates the low level mean responses tending towards a 
value of between “none” and “below average” for policy knowledge levels.  
 
Read in conjunction with the low mean scores and detailed analysis considered 
previously the evidence clearly supports the original hypothesis and the validity of the 
statement.  
 
Knowledge of the current and proposed stormwater legislation is poor as hypothesised, 
at both a national and local government level. It is evident that the stormwater policy is 
ineffectively promoted and distributed to the development community through current 
mechanisms and channels.  
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5.3 TESTING HYPOTHESIS 2 
 
5.3.1 Summary of findings in respect of hypothesis 2 
 
The results of the analysis of the economic impact of stormwater attenuation facilities, 
namely attenuation ponds, provided insight into the priorities and focus areas of the 
respondent sample. Figure 5.3.1a provides an illustrated results summary. 
 
A clear tendency existed for the increase in development densities as a response to land 
lost to attenuation ponds. Table 4.4.1a indicated a mean value above 3.53 in support of 
this reaction.  
 
The impact on project feasibility found the resultant mean value of 2.60 to indicate a 
moderate impact. The impact of the inclusion of attenuation ponds on final unit and 
stand prices was again only considered marginally below moderate, with a mean value 
of 2.44. 
 
 A below moderate level of impact was encountered in respect of overall development 
profitability with a mean value of 2.26.  
 
The impact of pond inclusion on professional fees was rated below average with a mean 
value of 2.40 indicating limited perceived economic impact on project cost. 
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Figure 5.3.1a: Hypothesis 2 – The economic impact of stormwater attenuation pond inclusion.  
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The results of the impact of property proximity and type indicated that “wet” ponds had a 
greater negative impact on land values than “dry” ponds, and that the proximity to 
attenuation ponds had a moderate impact on property pricing with a mean response 
value of 2.83 as indicated in Figure 5.3.1b. 
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Figure 5.3.1b: Hypothesis 2 – The perceived negative impact of stormwater attenuation pond. 
inclusion on land value. 
 
5.3.2 Validity of hypothesis 2 
 
Hypothesis 2 postulated the following: 
 
“The inclusion of stormwater attenuation has a negative impact on project 
feasibility and property values.”  
 
The results indicated in the graphical representations above provide evidence that 
supports a below average level of impact for property value and feasibility impact. The 
support levels fall below the average level of 3 for all but one of the variables 
considered. The hypothesis is thus supported.  
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5.4 TESTING HYPOTHESIS 3 
 
5.4.1 Summary of findings in respect of hypothesis 3 
 
The results of the research conducted indicated that developers did not perceive the 
maintenance costs of stormwater attenuation facilities to be a significant cost 
component.  
The mean response value of 2.11 in this regard supported the conclusion. Figure 5.4.1a 
provides a graphical representation of the maintenance cost related results. 
 
The impact on long term maintenance costs for the development managing bodies, post 
transfer, where also perceived to be low with a mean support level of 2.55. The highest 
perceived maintenance issue of significance was considered to be the pond 
rehabilitation undertaken by the developers prior to council certification, with a mean 
response value of 3.20. Developers indicated a below average level of knowledge 
regarding pond maintenance with a mean response value of 2.33 in response to level of 
maintenance requirement knowledge. 
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Figure 5.4.1a: Hypothesis 3 – The impact of stormwater attenuation pond inclusion on 
maintenance costs. 
 
The impact of delays through the inclusion of attenuation facilities at the approval stage 
and clearance stage of development provided perceived impact levels tending toward a 
significant impact level. Approval delays achieved a mean response value of 3.60 
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towards a major impact followed by clearance related delays with a mean value of 3.65, 
as illustrated in Figure 5.4.1.b. 
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Figure 5.4.1b: Hypothesis 3 – The impact of stormwater attenuation pond inclusion on project 
delays. 
 
5.4.2 Validity of hypothesis 3 
 
Hypothesis 3 postulated the following: 
 
“The inclusion of stormwater attenuation facilities increases project 
maintenance costs and are a common source of project delay.” 
 
The results illustrated in Figure 5.4.1a indicated that maintenance related issues are not 
considered to be of significant impact as a result of attenuation pond inclusion.  
 
The impact of delays through the inclusion of attenuation facilities at the approval and 
clearance stage of development provided perceived impact levels tending towards 
significant, indicating a strong level of impact with regards to project delay. 
 
The hypothesis is thus only partially supported. Attenuation facilities are perceived to 
have limited impact on maintenance costs, but are perceived to have significant impact 
as a source of project delay.
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5.5 TESTING HYPOTHESIS 4 
 
5.5.1 Summary of findings in respect of hypothesis 4 
 
The research conducted evaluated the potential risks facing private property developers 
in light of the mandatory inclusion of stormwater attenuation facilities in qualifying 
developments. 
 
The results indicated an above average risk level in respect of overall liability perceived 
by developers, with a mean value of 3.20 achieved. 
 
The analysis of key risk areas related to the inclusion of attenuation ponds included 
issues related in particular to maintenance failure, design failure, flood risk, danger to 
residents, pond failure and potential pond related litigation risks.  
 
Figure 5.5.1a provides a graphical summary of the mean response levels to each of the 
considered risk elements as a basis for testing the hypothesis. 
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Figure 5.5.1a: Hypothesis 4 – The impact of stormwater attenuation pond  
inclusion on project risk. 
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5.5.2 Validity of hypothesis 4 
 
Hypothesis 4 postulated the following: 
 
“Strong levels of resistance to attenuation policy exist in the development 
community as a result of increased risk.” 
 
The preceding results indicated that the only risk element identified with a mean 
response value in excess of 3.0 was the potential perceived liability risk of the developer 
as a result of stormwater attenuation pond inclusion. The mean response values for 
particular risk elements did not elicit high impact levels. 
 
The results indicate that developers do attach a degree of risk to the potential liability in 
respect of inclusion of attenuation facilities but this risk is not considered significant 
when risk issues are individually isolated. 
 
Based on the results obtained, the limited risk impact presented is insufficient to support 
the strong resistance levels related to risk put forward by hypothesis 4, and as such the 
hypothesis is not sufficiently supported to be valid in the context of this study. 
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CHAPTER 6 
 
SUMMARY, RECOMMENDATIONS AND CONCLUSION 
 
6.1 SUMMARY OF THE SALIENT FINDINGS 
 
The goal of the research was to investigate the support levels for the four proposed 
hypotheses in respect of the economic impact of the inclusion of stormwater attenuation 
pond facilities in new developments. The four considerations investigated the perceived 
impact on the following areas: 
 
 Knowledge levels of stormwater policy. 
 The impact of attenuation policy on project feasibility and property value. 
 The impact of attenuation inclusion on project delays and maintenance 
costs. 
 The impact of the inclusion of attenuation ponds on project risk. 
 
Based on the findings of the research vis-à-vis the four hypotheses, as well as 
generalised perception based questions to broader related stormwater management 
issues, the following summary provides the salient findings. 
 
6.1.1 Developer knowledge levels of stormwater policy 
 
Developers exhibited moderate knowledge levels of the current CoJ stormwater 
attenuation policy as implemented by the JRA. The result is consistent with expectations 
based on informal opinion expressed by developers. The policy also serves as a 
continuing issue of contention between developers and the JRA. 
  
Poor levels of knowledge were indicated for the proposed CoJ Catchment Management 
Plan, even though this policy was released for public comment in draft form in late 2006. 
The document will form the basis of future city stormwater management plans and as 
such is of major importance in the development environment, but the research results 
indicated exceptionally low levels of knowledge related to the CMP document. 
 
Low levels of knowledge were also associated with the CoJ IDP, once again this is a key 
document in the future planning of the city and the promotion of long term development 
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objectives. This documentation is freely available from the city, but results indicated that 
developers committed almost no effort to maintaining a current level of knowledge of 
policy impacting stormwater policy. 
 
Knowledge levels in respect of National Government legislation including the National 
Water Act and the IWRM were again low but this result may be expected. The national 
policies provide broad frameworks within which more detailed local policy is developed. 
It is the local policy that impacts most directly on developers and as such knowledge of 
national policy is not of major significance.  
 
Respondents indicated that less than a quarter of developers had ever received 
stormwater related documentation from the local authority, with particular reference to 
stormwater attenuation ponds, a particularly low level given the current scope of policy 
implementation. 
 
The investigation into the preferred channels and medium for the dissemination of 
stormwater policy information from the local authority indicated that of the three most 
preferred communication methods none are currently effectively implemented by the 
CoJ. 
 
More than half of developers indicated that a major reliance was placed on external 
sources for information and implementation of stormwater related policy with civil 
engineers and environmental consultants the two most common resources. Architects 
and town planners were not identified as playing any significant role in accommodating 
stormwater policy. 
 
The results indicated a notable communications gap between developers and the local 
authority that may, in part, contribute to the low policy knowledge levels encountered. 
The results strongly supported the original hypothesis in respect of the level of 
knowledge of stormwater policy within the development community and poor policy 
communication. 
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6.1.2 The impact of stormwater attenuation policy on project feasibility and 
property values 
 
The analysis of the results in respect of the impact of attenuation policy on project 
feasibility indicated a significant level of support with regards to a perceived increased 
development density as compensation for the inclusion of stormwater attenuation ponds. 
 
The direct level of impact on project feasibility identified by the sample provided a mean 
response value indicating a below average impact level. This was further supported by a 
below average mean response to the impact of attenuation policy on per unit selling 
prices. The results for the impact of attenuation policy on project profitability again 
returned a below average result indicating limited significance. The inclusion of 
attenuation was not perceived by developers to have considerable impact on the levels 
of professional fees incurred as a result of attenuation pond inclusion and was thus 
perceived to have limited impact on the project cost base. 
 
The second area considered was the impact of the proximity of properties to stormwater 
attenuation ponds. The results indicated that there were negative impacts associated 
with proximity of a property to an attenuation facility. “Dry” ponds were deemed to pose 
less of a negative impact than “wet” ponds. The inclusion of “wet” ponds elicited a 
response tending towards an above average level. The results thus clearly indicated that 
the proximity of a property to an attenuation facility has a perceived negative impact on 
property value. 
 
The potential value impact of attenuation ponds was further investigated in terms of the 
extent to which attenuation pond aesthetics were utilised as part of an integrated 
landscaping tool in support of marketing objectives. The results indicated a below 
average level of effort was applied in effectively incorporating attenuation systems into 
an aesthetic landscaped environment and was not effectively leveraged to add 
marketing value. 
 
The results in response to the level of agreement from developers as to whether the 
incorporation of attenuation facilities provided a platform for an improved environmental 
image or  aesthetic opportunities met with a neutral response, indicating potentially 
wasted opportunity in realising additional value. 
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The value of land lost to the incorporation of attenuation measures elicited a strong level 
of response. Developers indicated major support for less land intensive stormwater 
control measures. The results indicated the high value of land lost was a key issue 
within the private development community. 
 
The results did not provide high levels of support for the hypothesised impact of 
attenuation inclusion on project feasibility. Support in respect of the negative impact of 
property proximity to attenuation facilities on property value provided moderate support 
levels for the original hypothesis. 
 
 
6.1.3 The perceived impact of stormwater attenuation policy on project delays 
and maintenance costs 
 
The results pertaining to the impact of long term maintenance cost considerations during 
feasibility analysis and pond design stages indicated a below average level of 
consideration was given when considering the inclusion of stormwater attenuation 
facilities. 
 
The results further indicated that developers do not perceive the maintenance costs 
resulting from stormwater attenuation pond inclusion to pose a significant burden to the 
managing bodies of new developments, with results indicating a below average impact.  
 
The degree of pond maintenance required by developers, in order to achieve 
acceptance from the local authority prior to handover, indicated that an above average 
to extensive level of work was necessitated to meet certification requirements, imposing 
further attenuation linked pond costs on the developer. 
 
An analysis of the results with regards to the current level of maintenance knowledge 
within the development community indicated below average levels, potentially resulting 
in limited maintenance to many new facilities over time. Developers further indicated that 
only a moderate proportion distribute any form of attenuation related information to the 
managing bodies of new attenuation pond affected developments at handover. 
 
The results of the research conducted as to the impact of attenuation inclusion on 
project delays indicated an above average to major level of delay was associated with 
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the approval process. Certification on completion once again indicated above average 
levels of delay at this point to be attributed to the inclusion of stormwater attenuation 
facilities. The results showed attenuation inclusion played a prominent role as a potential 
project delay in the private development environment. 
 
Developers indicated a below average level for the instigation of potential litigation 
against the local authority with regards to the implementation of current stormwater 
policy, a marginally higher response in support of litigation in respect of the proposed 
CMP was indicated, but still remained at a level below average.  
 
The results of the research further indicated that developers were opposed to the 
introduction of more stringent stormwater controls as proposed by the CoJ. Support 
levels achieved an above average mean response value indicating non-support for the 
proposed controls. 
 
The results provided partial support for the original hypothesis. Maintenance costs were 
identified to not have an overly adverse affect on developers, but the delays associated 
with attenuation pond inclusion fully supported the hypothesis.  
 
6.1.4 The perceived impact of stormwater attenuation policy on project risk 
 
The inclusion of stormwater attenuation ponds has been identified as a potential risk in 
international literature. The results of the study indicated that developers did perceive 
pond inclusion to pose an above average level of risk in terms of liability for the 
associated safety risk. 
 
General project risks were individually identified in order to establish with which areas 
the highest levels of perceived risk were associated. The results indicated that 
maintenance related pond failure achieved the highest mean value in risk terms. The 
following risk items were considered: 
 
 Maintenance related pond failure. 
 Design related pond failure. 
 Flood risk to neighbouring properties. 
 Adequacy of design criteria. 
 Danger to development residents. 
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 Catastrophic Pond collapse. 
 Pond related litigation. 
 
All risk items considered returned results that indicated below average perceived risk 
levels. As a result of the below average support levels the impact on the project risk 
profile as a result of stormwater attenuation pond inclusion is limited and does not fully 
support the original high impact risk of the hypothesis. 
 
6.1.5 Ancillary research observations 
 
The inclusion of additional research questions over and above those related directly to 
the four hypotheses aimed to contextualise the research in the current development 
environment by considering the attitudes of developers to additional stormwater related 
questioning. 
 
The results pertaining to the question of how consistently stormwater policy is applied in 
the development environment highlighted that a large proportion of developers were of 
the opinion that the policies were not consistently applied and open to variable 
interpretation. This result indicates a reduced level of perceived credibility for the current 
policy. 
 
Developers indicated a strong level of support for the positive environmental benefit 
derived from the inclusion of stormwater attenuation in the development landscape, with 
almost half of respondents indicating an above average level of agreement with the 
potential for positive influence through stormwater attenuation pond inclusion. 
 
The perceived effectiveness of stormwater attenuation policy in addressing the issue of 
stormwater control elicited a response marginally above average, indicating that 
developers are aware of the potential problems associated with development induced 
densification. The respondents further indicated an overall positive effect to be 
associated with the inclusion of stormwater attenuation ponds. 
 
The above results indicate a growing level of awareness of both the environmental 
factors associated with the control of urban stormwater run-off as well as the objectives 
of stormwater control policy. 
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The research further indicated that within the current development environment, 
developers are not significantly affected by attenuation inclusion in terms of feasibility, 
profitability, per unit selling price or increased professional fees. 
 
6.2 CONCLUSIONS 
 
South Africa is currently experiencing a paradigm shift towards more environmentally 
aware development practices in the built environment, supported by a growing amount 
of environmentally conscious legislation. The development of eco-estates and the recent 
launch of the South African Green Building Council are testament to these changing 
perceptions. 
 
As a result of growing environmental awareness, the private property development 
community has responded positively to the potential benefits of an effective stormwater 
attenuation policy in addressing the needs of continued urbanisation. The greatest level 
of resistance to the policy is the land area lost to the inclusion of attenuation facilities, as 
well as a perception of inconsistent application of current stormwater policy in the 
development environment. 
 
The poor levels of knowledge related to stormwater management policies encountered 
appear to be a significant obstacle to successful policy implementation. Poor and 
ineffective information dissemination by the CoJ, in combination with a low level uptake 
by developers has compounded the negative image and lack of stormwater policy 
knowledge currently present in the development arena. 
 
The lack of detailed formal and technical manuals is a hindrance to a better 
understanding and greater acceptance level of stormwater management objectives. 
Research has indicated that internationally successful stormwater management policies 
are backed by extensive and detailed literature, a feature lacking in current CoJ policy. 
 
The inefficient communication and dissemination of information in support of stormwater 
management objectives is skewed towards the technical realm of the civil engineer, 
excluding the land use and planning benefits derived from greater awareness during the 
planning stages, commonly addressed by architects and town planners, thereby creating 
lost opportunity for maximum stormwater management benefit. 
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The current South African property market appears sufficiently buoyant to support the 
cost of attenuation inclusion, as this was indicated as a relatively minor consideration for 
developers, with limited financial impact, in contrast to anecdotal evidence within the 
development community. 
 
The local development market does not indicate clearly defined preferences for 
properties in close proximity to attenuation facilities nor is any major impact on the value 
of affected properties reported. The results indicate an uninformed buying public and the 
current immaturity of stormwater management measures in the development 
environment. It is expected as improved levels of information and experience propagate 
through the marketplace similar value effects as those encountered internationally will 
be experienced as developers adapt and leverage the potential benefits of stormwater 
policy adoption. 
 
Information pertaining to maintenance costs with regards to pond inclusion is limited as 
a result of the lack of long term data and the impact is deemed to be of little significance 
to developers. The handover of developments to the managing body on completion 
removes the responsibility for maintenance costs and efficient design from the 
developer.  
 
The delays encountered as a result of attenuation inclusion point to various potential 
influencing factors. The lack of capacity within the CoJ to effectively approve and inspect 
facilities combined with a lack of clear technical guidelines and poor information 
distribution frustrate the efficient application and approval, resulting in a high incidence 
of project delay. 
 
Project risk is not considered to be of high significance to developers. The short 
existence of stormwater attenuation policy in practice has not exposed facilities to 
extreme tests of nature. A general lack of knowledge of the inherent risks of attenuation 
measures and the low incidence of litigation in South Africa further reduce the perceived 
risks associated with the inclusion of stormwater management ponds.  
 
The recognition of the benefits of stormwater attenuation exist in the development 
community but are not fully utilised as an environmental draw card by developers, nor is 
the policy sufficiently detailed, supported, or distributed by the CoJ to realise the full 
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level of potentially mutual benefit. The clear lack of detailed policy documentation is an 
obstacle to effective long term stormwater management objectives. 
 
6.3 RECOMMENDATIONS 
 
6.3.1 General Recommendations 
 
The recommendations encompass the findings of the research and propose strategies 
to improve delivery, reduce resistance levels, and create a more cooperative 
development environment. The objectives of sustainable and environmentally conscious 
urban stormwater management within the CoJ, and the reduction in the perceived 
economic impact levels of attenuation inclusion on the private property development 
community are further considered.  
 
The recommendations should be evaluated in combination with those proposed within 
the context of the draft CoJ CMP. The extent of the recommendations goes beyond that 
directly associated with the private property developer in isolation due to the complex 
interrelationship between policy, developers, and the development landscape.  
 
The impacts perceived by developers cannot be addressed without addressing the 
relational complexities of the broader environment. Dixon (2006) identified four themes 
impacting the adoption of LIUDD principles in New Zealand; namely the human and 
social dimensions of ‘buy-in’, the application of scientific knowledge and design 
techniques, the development of applicable economic tools, and the adoption of policies 
and practices in support of the overall objectives.  
 
The current and proposed stormwater policy is a subset of a further reaching 
environmental plan required for the CoJ and cannot exist in isolation as stormwater 
management is inextricably linked to environmental management and land planning 
decisions. 
 
Table 6.3.1a provides a summary of key support mechanisms adopted in Europe and 
Scandinavia for the implementation of source control techniques. Many of the identified 
characteristics are applicable to the current stormwater attenuation environment 
encountered in the CoJ. 
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Table 6.3.1a: Methods applied internationally for the promotion of stormwater source control 
measures. 
 Pilot 
Projects 
Regulatory 
Restrictions 
Discharge 
Control 
Discharge 
Fees / 
Penalties 
Stormwater 
Fees 
Tax breaks 
/ Fee 
Reduction 
Public 
Subsidies 
Information 
Campaigns
Sweden 3 3 3  3 3  3 
Denmark 3 3 3  3 3  3 
Netherlands 3 3 3 3 3  3 3 
Germany 3 3 3 3 3 3 3 3 
England 3 3 3 3 3 3  3 
France 3 3 3 3   3 3 
Source: Adapted from Chouli et al., (2006). 
 
At a community level an educational programme should be considered to ensure that 
community residents have a basic understanding of urban stormwater in order to create 
a more educated market. This, in turn, would help to create awareness among 
development residents as to the purpose of attenuation facilities, demystifying pond 
related issues, particularly regarding health and safety concerns thereby reducing the 
negative impressions and reducing the potential economic impact on private developers.  
 
The draft CoJ CMP recommends a comprehensive stormwater education and 
awareness program through multiple media channels and in cooperation with relevant 
local and national stakeholders (Brooker, 2006).  
 
Public education programmes have the further potential, beyond the impact on private 
developers, to help limit the degree of stormwater contamination and improve water 
quality through behavioural modification in areas such as fertiliser and insecticide usage, 
pet waste management and vehicular fluid spills.   
 
Research undertaken in Carolina in the United States found that residents attributed the 
highest risk of stormwater pollution to industry, where in fact the highest risk emanated 
from individual residents behaviour in the urban environment (Bartlett, 2006). 
 
A potential mechanism for cost effective stormwater information distribution may be the 
monthly rates and utilities account distribution system of the CoJ. The currently included 
“City Buzz” information brochure has the potential to provide a suitable platform for 
public information dissemination as it is a well established and entrenched media tool.  
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The new municipal rates bill requires that individual units within sectional title 
developments obtain individual rates accounts as indicated in a recent CoJ press 
release (Modingoane, 2007). The increased market penetration of the current utility 
brochure scheme as a result of increased rates distribution has the potential to reach the 
majority of residents in new attenuation pond affected developments. 
 
In order for stormwater management policy to be effective it is necessary to be 
considered to be fairly implemented, with consistent application and enforcement across 
all qualifying developments. The current transitional period combined with the limited 
stormwater management knowledge in the development community appears to have 
undermined the credibility of current regulations.  
 
In order to achieve higher compliance levels and long term benefit it is necessary to 
ensure that stormwater policy is consistently applied within the context of the legislative 
requirements for both private development and municipal projects as identified by 
Brooker (2006). Consistent application has the potential to further simplify the 
interpretation of attenuation policy by the development community by allowing the 
confident reapplication of previous experience to future projects. 
 
In order to provide quantifiable evidence as to the effectiveness of the stormwater policy 
measures adopted, it is recommended that the local authority support research into 
current measures in place in order to provide credible evidence in support thereof. 
Further research has the potential to not only provide supporting evidence with regard to 
the effectiveness of the proposed measures, but long term studies will further enable the 
refinement of best management practices within the local environment. 
 
The promotion of high profile pilot projects may further support education objectives and 
reduce the levels of perceived negative impact on private developers. Brief reference is 
made to the value of research in the proposed CMP (Ibid). Continued research will also 
further improve the quality of data available in support of future stormwater management 
policy amendments.  
 
The CoJ is home to a number of well respected educational institutions with established 
research programs that may be leveraged to benefit their immediate environment in 
respect of local stormwater management studies. 
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The current requirement for the inclusion of ponds to the exclusion of other BMP 
measures for the control of stormwater provides an inflexible and inefficient situation 
whereby the most economically effective control measures cannot be adopted. It is 
recommended the CoJ expand the number of approved stormwater BMPs and introduce 
greater flexibility for developers to meet stormwater requirements while supporting a 
positive economic impact. 
 
The Georgia Stormwater Manual (Brown et al., 2001. Chapter 3) identified system 
information and inventory as an important tool in effective stormwater management. It is 
recommended the CoJ implement a system to increase the level of information 
contained in the city GIS system to include relevant stormwater measures for each 
development in support of watershed wide planning and management. The improved 
watershed level stormwater management may lead to a positive long term economic 
benefit to the development community through municipal interventions and improved 
efficiencies reducing the potential economic impact of stormwater management  at an 
individual developer level. 
 
6.3.2 Recommendations in respect of current policy knowledge levels 
 
The poor level of stormwater management policy knowledge identified within the 
development community requires extensive action on the part of the local authority. It is 
recommended that, in addition to the fundamental recommendations contained in the 
CoJ CMP, the CoJ develop a comprehensive guideline document that encompasses, in 
detail, the policy intentions, requirements, and parameters for the consistent 
implementation of stormwater control measures.  
 
Botha (2005) clearly identified the lack of a stormwater design manual and the lack of 
integrated stormwater management and catchment planning as major constraints in the 
successful implementation of stormwater management for the CoJ area. Evidence 
suggests that the current situation has not made significant progress and still lacks 
founding policy documentation and technical guidelines. 
 
It is recommended that a full technical guideline document be compiled outlining the 
acceptable technical parameters, design requirements and performance metrics 
required by the CoJ in a technical manual suitable for use by professional engineers 
involved with stormwater management. 
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The compilation of a detailed technical manual provides a foundation for a consistent 
analysis and design approach within accepted limits across the development 
environment, providing potentially reduced risk and more effective stormwater 
management.  
 
The compilation of detailed stormwater manuals, including detailed BMP assessment 
and approval has been undertaken by numerous local and state authorities 
internationally. Well documented examples include the New Zealand City of Auckland 
Technical Note Series, the State of Georgia Stormwater Design Manual, the Maryland 
Stormwater Design Manual, the California Stormwater Quality Association Stormwater 
Best Management Practice Handbook and the Ontario Stormwater Management 
Planning and Design Manual. The distribution of design standards allows for uniformity 
in performance measurement and greater overall consistency across the affected 
catchments. 
 
The research highlighted that private developers possessed extremely limited levels of 
stormwater knowledge. The improvement of developer knowledge regarding stormwater 
attenuation has the potential to decrease conflict between developers and the local 
authority and support the overall stormwater control objectives while reducing the 
economic impact on developers. 
 
Research indicates that the development community spends little time maintaining policy 
knowledge and, as such, it is proposed that a condensed, developer focused, 
stormwater manual be produced by the CoJ for distribution to each affected developer. 
The key to minimising the perceived economic impact of attenuation policy on 
developers is to provide sufficiently detailed information at the earliest possible stage of 
the development process to allow for timely and constructive inclusion of the required 
measures from the outset. 
 
Developers identified the three preferred means of communication of stormwater policy 
information as being: 
 
• Summarised guideline booklet. 
• Dedicated website. 
• Stormwater policy manual. 
  
- 118 - 
 
The findings support the need for a stormwater booklet aimed specifically at the 
development community. The ongoing rapid development has seen numerous new 
developers enter the market with little past experience. The ready availability of 
resources is paramount in supporting the stormwater policy objectives in a rapidly 
developing city. 
 
The CoJ has a well developed and expanding e-services infrastructure that is ideally 
placed to support the above initiatives through the electronic distribution of policy guides 
and a development focused webpage highlighting current issues and creating further 
support for policy consistency. The distribution of policy documentation needs to be 
focused at the very first point of contact in the development process to allow maximum 
effect, thus distribution at an initial town planning level may further support effective 
policy distribution.  
 
The development process relies on numerous professionals through the project lifecycle 
and the research has identified that of those professionals involved, the civil engineer 
was considered the most valuable in relation to stormwater attenuation. The proposed 
technical manual directly addresses the needs of the engineering community. 
 
The results further indicated that town planners and architects were considered to be of 
limited significance relative to the inclusion of stormwater attenuation. Given the typical 
development lifecycle, the civil engineer is often only involved at a point where the 
morphology of a development has already been determined. By focusing condensed 
stormwater policy education at the architectural and town planning stages a greater 
influence may be achieved in accommodating attenuation in the spatial framework from 
the initial planning stages, rather than as a reactive retrofit into an existing layout.  
 
Architects and town planners are an underutilised resource in the support of stormwater 
policy and need to be included in the distribution of development focused policy 
summaries, with particular focus on aesthetic benefits to minimise the perceived 
negative economic impact on developers. The Georgia Stormwater Management 
Technical Manual provides comprehensive coverage of aesthetics, site design, detailed 
vegetation specification and landscaping guides in support of effective stormwater 
management inclusion (Brown, Claytor, Debo, Haubner & Reese. 2001a). 
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It is recommended that the CoJ develop the necessary policy documentation and the 
requisite distribution channels to create a consistent and informed development 
environment that mitigates many of the negatively perceived impacts of stormwater 
management policy.  
 
6.3.3 Recommendations in respect of the perceived impact of attenuation policy 
on project feasibility and property values. 
 
6.3.3.1 Recommendations - development economics 
 
The inclusion of stormwater attenuation facilities was shown to have an effect on the 
final development density by way of increased densities in compensation for land lost to 
attenuation. 
 
It is recommended that the CoJ consider a broad range of BMPs that can be applied in 
such a manner, namely subterranean or other suitable alternatives such as permeable 
paving, which can limit the effects of lost surface area. Attenuation often impacts areas 
that may otherwise have provided recreational amenity and green space.  
 
It is further recommended that the CoJ be required to address the issue of lost land by 
evaluating and approving appropriate BMP measures that allow for the retention of the 
utility of pond areas to be maintained, while meeting the required stormwater attenuation 
parameters. International trends indicate that well developed products and techniques 
are available in support of land loss reduction that may be beneficial under local 
conditions if approved. 
 
Should more onerous stormwater management controls that extend to include water 
quality control measures as supported by the CMP and prescribed by NEMA become 
applicable, it is recommended that the local authority develop an incentive scheme to 
partially negate the increased cost to developers. International efforts include various tax 
rebates and cost off-set mechanisms. Tax-based incentives may further be considered 
to reduce the extent of impervious areas (Stone, 2004). In addition the draft CoJ CMP 
proposes a credit system against bulk contributions that should be investigated as a 
potential incentive baseline (Brooker, 2006). 
 
  
- 120 - 
Potential also exists for the trade in excess capacity between developments, particularly 
for limited site areas or in combination with tradable run-off credits as proposed by 
Goddard, Lemberg, Szlag and Thurston (2002). 
 
6.3.3.2 Recommendations – property value impact 
 
It is recommended that a long term education and promotion effort be maintained in 
respect of the development of a positive relationship between attenuation facilities and 
positive property value impact in mind.  
 
The proposed CoJ CMP water quality requirements provide the ideal platform for an 
increase in the use of “wet” ponds. Developments have the potential to unlock the “pond 
premium” identified by Schueler (2000a) through the use of landscaping and 
aesthetically sensitive design. The Long term benefits of the proposed approach would 
lead to greater acceptance levels of attenuation as a standard environmental feature 
with positive economic benefit for the initial developer and subsequent property owners, 
while effecting the objective of stormwater control objectives. 
 
In an analysis of integrated stormwater solutions Niemczynowicz (1999) related the 
example of the city of Malmö, Sweden, in which the integration of stormwater 
management addressed flooding and pollution, while simultaneously increasing the 
economic value potential of surrounding areas and the aesthetic value through a positive 
stormwater integration approach. Developers require the necessary tools and direction 
to develop the potential economic benefits of multi-faceted stormwater integration 
strategy potential. 
 
Clear guidance from the local authority promoting the benefits of attenuation pond 
inclusion on land value, referenced to international studies would further support the 
inclusion of ponds as a feature rather than a pure utility. The proposed 
recommendations may form part of the developer focused communication tools 
identified under 6.3.2.  
 
Greater integration of the CoJ open space and green areas management may further 
support increased values and provide suitable areas for stormwater management on 
public land. Consideration should also be given to the construction of large regional 
attenuation structures as part of forward land use planning to mitigate the effects of 
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increasing upstream densities not addressed by current stormwater policy. The 
introduction of regionalised attenuation is supported by the findings and 
recommendations of a 2005 study conducted on the Fourways Spruit Catchment area 
by Botha (2005). 
 
6.3.4 Recommendations in respect of the perceived impact of stormwater 
attenuation inclusion on project delays and maintenance costs 
 
6.3.4.1 Recommendations – project delay 
 
The recommendations in response to alleviating the impact of the perceived delays 
attributed to stormwater attenuation policy  relate to CoJ and JRA capacity, consistency 
of standards, standardised technical parameters and improved communication 
structures. 
 
The current policy is perceived to be inconsistently applied. To reduce the potential 
impact of attenuation delays it is imperative that dramatic improvement in the 
communications process regarding attenuation requirements takes place. 
 
The introduction of formalised, standardised technical guidelines and detailed practice 
notes in support of the engineer as an agent of the private developer is further 
recommended. Combined with the improved stormwater policy distribution to 
developers, architects and town planners contemplated in 6.3.3, a core policy shift is 
required to minimise delays caused by inappropriate proposals, designs and 
applications. The introduction of flowchart type guidelines may be utilised to clarify the 
correct procedures, particularly for the many new developers entering the development 
arena. 
 
An agreement with the relevant engineering professionals as to the acceptable 
techniques, parameters and data utilised for pond calculations should also form a basis 
for improved application processing efficiency. 
 
Further recommendation requires that the CoJ appoint sufficient experienced staff with 
specific knowledge of the stormwater policy within in a structure that is conducive to the 
rapid, consistent and effective evaluation and approval of proposals. Adequate skill 
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levels are required to evaluate each site specific proposal against the overall policy 
objectives and technical standards.  
 
Stormwater attenuation plan approval rests with the JRA and, as such, capacity is 
required to be shaped in response to market demand. In light of the proposals contained 
in the CoJ CMP, additional resources will need to be applied to maintain effective control 
and implementation of the proposed measures.  
 
As the number of private pond installations grows it is recommended that sufficient 
resources be applied to allow for the timeous inspection, monitoring and follow up of 
each application including final inspections. 
 
Delays in the issuance of the necessary clearance certificates may be further reduced 
through an increased level of knowledge and awareness in the development community, 
engineering field, and associated professions, in tandem with clear technical 
documentation and supporting guidelines. 
 
6.3.4.2 Recommendations – maintenance costs 
 
The recommendations in respect of maintenance relate to the initial project development 
and long term upkeep of the attenuation facility. Brooker (1997) identified maintenance 
as a key issue in effective attenuation application. 
 
To enable developers to quantify potential maintenance costs, both during construction 
and prior to handover to the management body, data in respect of maintenance costs 
applicable to ponds is required. Typical maintenance costs for various attenuation 
options should be available to developers as part of the recommended detailed 
stormwater technical documentation.  
 
The current attenuation policy has existed for a limited period with little research data 
available. Research conducted by Wossink and Hunt (2003) evaluated, among other 
factors, the maintenance impact of structural BMPs in North Carolina, providing valuable 
insight into the impact of maintenance costs as an economic variable. Local research of 
a similar nature may provide the necessary data to project typical maintenance costs in 
a local context, as well as providing benchmark values. 
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It is recommended that the CoJ further investigate the development of applicable 
economic models and charge systems such as those considered by Hoagland et al., 
(2005) for a more equitable approach to stormwater charges and the associated 
economics within the context of the overall CoJ financial planning and servicing context. 
 
It is recommended that the CoJ develop an attenuation pond manual that is required to 
be issued to all management bodies of attenuation pond affected developments by the 
developer. The details should include clear guidelines on the intent, functioning and 
maintenance responsibilities required with regard to attenuation ponds, including 
acceptable disposal guidelines for contaminated pond silt.  Examples of such guides 
include the publication “Maintaining your BMP – A Guidebook for Private Owners and 
Operators in Northern Virginia” (Northern Virginia Planning District Commission, 2000).  
In order to fully achieve the desired efficiency of stormwater attenuation ponds further 
consideration should be provided beyond the initial development stage.  
 
In order to addresses the long term maintenance costs incurred by the development 
management body of each development in maintaining their private pond facility, the 
introduction of discharge rebates may be considered. Rebates may be quantified in 
relation to the level of attenuation achieved and the meeting of minimum maintenance 
requirements and possibly considered as part of the previously identified incentive 
mechanisms. 
 
Further research into the economic impact beyond the initial capital outlay incurred by 
the developer is required in order to build a database of pond performance and lifecycle 
maintenance costs within the local environment. Research undertaken by Brooker 
(1997) identified areas for additional research with regards to stormwater attenuation 
facilities to include maintenance costs.  
 
Only through the measurement of actual performance can the long term economic 
impact of stormwater attenuation related maintenance be evaluated. The collected data 
would provide a platform for more economical and appropriate selection and refinement 
of attenuation facilities in future, applicable to both private and public development 
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6.3.5 Recommendations in respect of the perceived impact of stormwater 
attenuation inclusion on project risk 
 
6.3.5.1 Recommendations – project risk 
 
Developers have a responsibility to ensure that the manner in which attenuation facilities 
are implemented do not pose a risk to residents or neighbouring properties, as this 
directly impacts the risk profile of the developer with a potentially negative economic 
impact. 
 
Although attenuation facilities in new developments are privately owned and not the 
responsibility of the CoJ, it is recommended that the CoJ provide safety guidelines as 
part of the proposed technical manual and developers guide. The guidelines should 
provide measures that balance safety, aesthetics, physical risk and health issues. Areas 
to consider include service access to ponds, escape routes from ponds, and health risks 
posed by contaminated silt and debris. 
 
The safety of dams addressed by Brooker (2006) in the draft CoJ CMP includes 
recommendations for the inventory of all dams in conjunction with recommended site 
inspections.  
 
It is further recommended that the CoJ compile a standardised form for completion at 
the final JRA inspection for each pond. The details collected should include a 
description, physical dimensions and characteristics of each pond. The obtained 
information should be incorporated into the city GIS system thereby creating an effective 
monitoring interface and pond inventory. A long term maintenance monitoring program 
should be implemented on an ongoing basis for all collected pond data. The data 
collection and analysis provides an opportunity to evaluate trends and provide 
information that may reduce the economic impact of attenuation policy on private 
developers. 
 
A further recommendation is for each development management body or homeowners 
association to maintain a mandatory register of pond maintenance activities as defined 
in the recommended management guidelines for homeowners associations under 6.3.2.  
The introduction of mandatory maintenance logs should include a checklist for the 
evaluation of system integrity, particularly after major storm events. All maintenance logs 
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should be subject to CoJ inspection and form a traceable reference to the CoJ GIS 
system in support of accurate data compilation. 
 
Although the perceived risk to developers was identified as low, the risk impact and the 
possible economic effects thereof on the private property developer can be further 
reduced through implementation and communication of consistent risk specific policy 
guidelines from the CoJ.  
 
CLOSURE 
 
The current stormwater policy landscape holds a great deal of uncertainty for the private 
property developer. Developers are an integral part of the urban project delivery system, 
ultimately contributing to the growth of the city and expansion of the rates base.  
 
Private developers are focused on realising the financial benefit of their developments 
and require a clearly defined and efficient policy environment in which to operate in 
order to achieve these objectives. The inefficiencies introduced through the current 
stormwater attenuation policy may be, in part, attributed to a transitional period and 
policy infancy, but long term sustainability is dependent on a cooperative and supportive 
policy environment for ultimate success.  
 
Stormwater will continue to remain a challenge in the face of continued urbanisation and 
accelerated densification. The current CoJ policy is inadequate to support the continued 
successful implementation potential of stormwater attenuation, and the proposed CoJ 
CMP requires the policy depth and technical support to ensure success.  
 
A clear lack of knowledge in the development arena undermines the potential benefit of 
attenuation policy as a major environmental intervention, while the potential benefits, 
both environmental and economic, of stormwater attenuation ponds have not been fully 
realised in the development market as yet. 
 
Only through a concerted effort in respect of supporting documentation and improved 
efficiencies can the CoJ and private developers attain the objectives of national policy in 
an economically effective manner. The perceived economic impact of stormwater 
attenuation pond inclusion on private developers is but one of the components to be 
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addressed as part of a holistic stormwater management policy for the city as a sub-set of 
overall environmental management. 
 
The general intent and spirit of the National Environmental Management Act clearly 
identifies that development be conducted in a manner that is sustainable socially, 
environmentally, and economically, thereby placing the responsibility for such in the 
hands of both the private property developer and the municipal authority (Walker et al., 
2007). 
 
The implementation of an effective and efficient stormwater policy document and the 
necessary support tools presents the CoJ with the potential for the stormwater policy to 
become a valuable information source in the development and extension of integrated 
catchment management through capture and analysis of predetermined information.  
 
The perceived economic impact of stormwater management on private developers can 
best be addressed through integration, education and the pursuit of mutually beneficial 
outcomes driven by a dynamic and contemporary urban development and management 
approach. 
 
As a water scarce country South Africa is not in a position to afford the degradation of 
natural water resources. Johannesburg is a major African city, and financial hub of 
Southern Africa; the CoJ is in a position to contribute immensely to the local knowledge 
of stormwater management and practice in a rapidly urbanising local landscape, the 
benefits of which will not only benefit the CoJ, but serve as both a reference and 
example for municipalities faced with similar challenges internationally.  
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APPENDIX “A” 
 
 
Geographic Study Area 
 
 
Figure A-1: City of Johannesburg – New Regions 
Adapted from City of Johannesburg Website (2007) 
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APPENDIX “B” 
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 Figure B-1: Aerial Photography of the Maroeladal region North of Johannesburg indicating limited densification of 
agricultural holdings – 2000 
Adapted from City of Johannesburg Corporate GIS Website (2007) 
 
B-I 
Figure B-2: Aerial Photography of the Maroeladal region North of Johannesburg indicating increasing densification 
of agricultural holdings – (2006) 
Adapted from City of Johannesburg Corporate GIS Website (2007) 
 
 
 
B-II 
Figure B-3: Aerial Photography of the Northriding area North of Johannesburg indicating limited early densification 
of agricultural holdings – (2000) 
Adapted from City of Johannesburg Corporate GIS Website (2007) 
 
 
 
 
 
B-III 
Figure B-4: Aerial Photography of the Northriding area North of Johannesburg indicating increased levels of 
densification and impermeable surface coverage (2006) 
Adapted from City of Johannesburg Corporate GIS Website (2007) 
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APPENDIX “C” 
 
 
Stormwater Infrastructure and 
Related Images 
 
 
 
 
Evidence of the rapid urbanisation, densification and the associated increase in 
impermeable land cover contributing to increased levels of stormwater run-off 
Figure C-1: Urban densification in northern Johannesburg. 
Source: Aldous, (2007) 
 
The impact of increased environmental impermeability is clearly evidenced by the 
dramatic increase of run-off generated by new development areas. 
Figure C-2: Increased levels of post-development run-off. 
Source: KSS Consulting Engineers, (2005) 
 
C-I 
The increased run-off from an increasingly surfaced landscape leads to the 
situation whereby the capacity of existing infrastructure is exceeded. 
Figure C-3: Capacity of municipal infrastructure exceeded by increased run-off. 
Source: KSS Consulting Engineers, (2005) 
 
 
The original city solution to stormwater was the construction of engineered 
channels, ultimately leading to increased downstream erosion and flood risk.  
Figure C-4: Historical stormwater canalisation measures in northern Johannesburg. 
Source: Aldous, (2007) 
 
 
C-II 
Increased flow rates from intensified densification have significantly scoured and 
eroded existing watercourses through higher volumes and increased velocities. 
Figure C-5: Increased stream bank erosion in response to increased flows. 
Source: Aldous, (2007) 
 
 
The loss of a developable stand and the aesthetic impact in order to accommodate 
the inclusion of a stormwater attenuation pond in a new cluster development. 
Figure C-6: The loss of a developable stand to accommodate an attenuation pond. 
Source: Aldous, (2007) 
 
 
C-III 
 The image provides an indication of the potentially large areas of developable land 
that are sacrificed for the accommodation of stormwater attenuation facilities. 
Figure C-7: Large loss of developable land to accommodate an attenuation pond. 
Source: Aldous, (2007) 
 
 
Poor waterlogged ground conditions, an accumulation of pollutants and the 
potential associated health risks limit the utility of many existing pond areas. 
Figure C-8: Indication of the reduced utility potential of attenuation areas. 
Source: Aldous, (2007) 
 
C-IV 
 The potential impact on property value, positive or negative, is evident by the close 
proximity of residential units to the included attenuation ponds. 
Figure C-9: Indication of pond proximity and potential for an impact on property value. 
Source: Aldous, (2007) 
 
 
A large corner of a high density development has effectively been isolated for 
attenuation use and has thus lost any potential utility to residents. 
Figure C-10: Indication of the lost utility of recreational space dedicated to attenuation ponds. 
Source: Aldous, (2007) 
 
C-V 
Lack of suitable space for attenuation ponds leads to the creation of unsightly and 
potentially hazardous concrete basins in order to meet municipal requirements. 
Figure C-11: Utilitarian oncrete pond in a high density residential development. c
Source: Aldous, (2007) 
 
 
The geology, topography and lack of aesthetic integration create situations where 
the required ponds cannot be effectively implemented without significant cost 
Figure C-12: The negative impact of challenging site conditions on pond inclusion. 
Source: Aldous, (2007) 
 
 
C-VI 
The lack of area for attenuation led to a costly subterranean cascaded pond system 
incorporated into the central road island in the above development. 
Figure C-13: Profile of a cascaded subterranean concrete attenuation facility. 
Source: Aldous, (2007) 
 
 
The lack of suitable areas for attenuation ponds requires developers to undertake 
more economically inefficient measures to meet attenuation requirements. 
Figure C-14: A subterranean alternative to a traditional pond. 
Source: Aldous, (2007) 
 
 
C-VII 
A recently completed pond north of Johannesburg, indicating the pond position in 
the lowest corner of the site, above neighbouring properties, prior to failure. 
Figure C-15: The potential risk inherent in pond inclusion – pre-failure image. 
Source: KSS Consulting Engineers, (2005) 
 
 
The risk of pond inclusion is indicated by the above maintenance failure of the 
pond leading to catastrophic collapse and inundation of lower lying properties. 
Figure C-16: The potential risk inherent in pond inclusion – post-failure image. 
Source: KSS Consulting Engineers, (2005) 
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“The Perceived Economic Impact of  Stormwater Attenuation 
Policy on Private Property Developers” 
 
 
 
Contact Name:____________________________________________________ 
 
Designation:______________________________________________________ 
 
Organisation Name:________________________________________________ 
 
Contact Number:____________________ Email:_________________________ 
 
 
Please complete the following questionnaire as completely as possible by 
marking the most applicable option with an “ X ” with a black marker. 
Completed forms should be faxed back to Mike Aldous or scanned and 
emailed to the contact details provided. 
 
 
1. Has / will your organisation undertake any property development  projects in the 
Johannesburg area in the past 3 years / coming 18 months that has / will contain 
a stormwater attenuation pond? 
 
UNSURE YES NO 
   
 
2. What is the approximate annual value of developments undertaken by your organisation 
(In R. Millions)? 
 
UNSURE 0 – 10 Mil. 10 – 20 Mil. 20 – 50 Mil. > 50 Mil. 
     
 
3. What percentage range of total developments undertaken in the past 3 years /  
following 18 months have been subject to stormwater attenuation pond requirements? 
 
UNSURE 0 – 25% 26 – 50% 51 – 75% 76 – 100% 
     
  
4. What level of knowledge of current Local Authority stormwater attenuation requirements 
does your organisation possess? 
 
UNSURE NONE….…………………………………………………….EXCELLENT 
U 1 2 3 4 5 
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5. What level of knowledge of the City of Johannesburg’s Integrated Development Plan (IDP) 
does your organisation possess? 
 
UNSURE NONE….…………………………………………………….EXCELLENT 
U 1 2 3 4 5 
 
6. What level of knowledge of the requirements of the Integrated Water Resources 
Management policy (IWRM) proposed by the Department of Water Affairs and Forestry 
(DWAF) does you organisation possess with regards to the impact on Local Authority 
stormwater attenuation requirements? 
 
UNSURE NONE….…………………………………………………….EXCELLENT 
U 1 2 3 4 5 
 
7. What level of effort does you organisation expend on maintaining a current knowledge of 
legislation pertaining to stormwater related issues, on a scale of 1=(None) to 5=(High)? 
 
UNSURE NONE….………………………………………………………….…….HIGH 
U 1 2 3 4 5 
 
 
8. What level of knowledge of the newly proposed Johannesburg stormwater attenuation 
requirements, as presented to SAPOA in 2006, does your organisation possess? 
  
UNSURE NONE….…………………………………………………….EXCELLENT 
U 1 2 3 4 5 
 
9. What level of knowledge of the National Water Act, with regards to stormwater 
 disposal, does your organisation possess ? 
  
UNSURE NONE….…………………………………………………….EXCELLENT 
U 1 2 3 4 5 
 
10. What level of knowledge of the requirements, responsibilities, and liabilities relating to the 
construction and maintenance of stormwater attenuation ponds does your organisation 
possess on a scale of 1=(none) to 5=(excellent)? 
 
UNSURE NONE….…………………………………………………….EXCELLENT 
U 1 2 3 4 5 
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11. Has your organisation ever received documentation from the Local Authority detailing the 
stormwater attenuation requirements for Site Development Plan approval (SDP)? 
  
UNSURE YES NO 
   
 
12. If yes to the previous question, to what extent do you agree that the supplied information 
adequately met the information requirements of the developer 1=(fully disagree) 5=(fully 
agree)? 
 
UNSURE FULLY  DISAGREE………...…………………………….FULLY AGREE 
U 1 2 3 4 5 
 
13. What level of reliance do you place on external advice for stormwater attenuation related 
issues regarding development planning and feasibility analysis? 
 
UNSURE MINOR….………………………………………………………….MAJOR 
U 1 2 3 4 5 
 
14. To what extent do the following professional consultants have an input with regards to 
stormwater attenuation related issues during development planning and feasibility analysis? 
 
PARAMETER UNSURE MINOR….………………………………………….MAJOR 
Town  
Planner U 1 2 3 4 5 
Professional 
Architect U 1 2 3 4 5 
Civil  
Engineer U 1 2 3 4 5 
Environmental 
Consultant U 1 2 3 4 5 
Land  
Surveyor U 1 2 3 4 5 
Legal  
Adviser U 1 2 3 4 5 
 
15. To what extent do you perceive the attenuation policy to be consistently, uniformly, and fairly 
applied across all public and private developments on a scale of 1=(definitely not) to 
5=(definitely)? 
 
UNSURE DEFINITELY NOT….…………………………………DEFINITELY 
U 1 2 3 4 5 
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16. To what extent do you agree that stormwater attenuation policy, as implemented by the local 
authority, has an overall positive environmental benefit on a scale of 1=(fully disagree) to 
5=(fully agree)? 
 
UNSURE FULLY DISAGREE……………………….………………FULLY AGREE 
U 1 2 3 4 5 
 
17. Please indicate the preferred approach for dissemination of stormwater policy information to 
developers and interested parties on a scale of 1=(unfavourable) to 5=(favourable). 
 
PARAMETER UNSURE UNFAVOURABLE…………...…….FAVOURABLE 
Stormwater Policy 
Manual U 1 2 3 4 5 
Public 
Presentation U 1 2 3 4 5 
Dissemination 
through SAPOA U 1 2 3 4 5 
Dedicated 
Website U 1 2 3 4 5 
Summarised 
Guideline Booklet U 1 2 3 4 5 
 
 
18. On a scale of 1=(minor) to 5=(major) to what extent do current stormwater attenuation 
requirements impact your developments by the need to increase development density to 
offset land lost to attenuation areas? 
 
UNSURE MINOR………………….……………………………...……………MAJOR 
U 1 2 3 4 5 
 
19. What level of impact on development feasibility can be directly attributed to stormwater 
attenuation requirements? 
 
UNSURE MINOR….………………………………………………..………….MAJOR 
U 1 2 3 4 5 
 
20. Rate the per unit selling price impact of incorporating stormwater attenuation requirements 
into a development on the scale 1=(minor) to 5=(major)? 
 
UNSURE MINOR….………………………………………………..………….MAJOR 
U 1 2 3 4 5 
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21. To what degree do stormwater attenuation requirements affect the development profitability 
under current market conditions on the scale 1=(minor) to 5=(major)? 
 
UNSURE MINOR….………………………………………………………….MAJOR 
U 1 2 3 4 5 
 
22. On a scale of 1=(minor) to 5=(major) what impact does the inclusion of stormwater 
attenuation facilities have on the overall professional fees expended on the project? 
 
UNSURE MINOR….………………………………………………………….MAJOR 
U 1 2 3 4 5 
 
23. Please indicate on a scale of 1=(minor) to 5=(major) whether a perceptible difference in 
pricing exists between properties directly adjacent to attenuation ponds, and those not 
directly exposed, all other factors remaining equal. 
  
UNSURE MINOR….………………………………………….………………MAJOR 
U 1 2 3 4 5 
 
24. On a scale of 1=(low) to 5=(high), please rate the use of attenuation areas as a selling point 
in marketing of new developments, through the inclusion of the facility as an aesthetic or 
recreational area, and environmental element of the development. 
  
UNSURE LOW….………………………………..……………….………………HIGH 
U 1 2 3 4 5 
 
25. To what extent do you agree 1=(fully disagree) to 5=(fully agree) that the stormwater 
attenuation policy allowed a greater extent of environmental landscaping to incorporate 
ponds and enhance the natural value of attenuation areas and surrounding properties? 
 
UNSURE FULLY DISAGREE.…………..………………….……….FULLY AGREE 
U 1 2 3 4 5 
 
26. On a scale of 1=(low) to 5=(high), what level of influence does the proximity to a dry 
attenuation pond (ie contains no permanent water pool) have on the saleability of the 
surrounding properties? 
 
UNSURE LOW….………………………………………….…………..………….HIGH 
U 1 2 3 4 5 
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27. On a scale of 1=(low), 5=(high), what level of influence does the proximity to a wet 
attenuation pond (i.e. contains a permanent pool of water) have on the saleability of the 
surrounding properties? 
 
UNSURE LOW….………………………………………….…………..………….HIGH 
U 1 2 3 4 5 
 
28. On a scale of 1=(low), 5=(high), what level of support would you provide for alternative 
stormwater control measures that reduced the amount of land lost to traditional attenuation 
pond facilities? 
 
UNSURE LOW….………………………………………….…………..………….HIGH 
U 1 2 3 4 5 
 
29. On a scale of 1=(minor) to 5=(major), rate the impact of stormwater attenuation design / 
approval delays on the overall development timeframe. 
 
UNSURE MINOR….………………………………………………………….MAJOR 
U 1 2 3 4 5 
 
30. On a scale of 1=(minor) to 5=(major), to what degree has a development been delayed in 
terms of the issuance of a council clearance certificate, as a direct result of stormwater 
attenuation pond related issues?  
 
UNSURE MINOR………………………………………………..………..…MAJOR 
U 1 2 3 4 5 
 
31. On a scale of 1=(never) to 5=(regularly) to what extent have you considered legal action 
against the local authority with regards to the enforcement of stormwater attenuation policy. 
 
UNSURE NEVER……………………………………….…………..…REGULARLY 
U 1 2 3 4 5 
 
32. On a scale of 1=(unlikely) to 5=(likely), indicate whether you would consider a legal 
challenge to the implementation of the more onerous stormwater attenuation requirements 
proposed under the current draft documentation of the local authority. 
 
UNSURE UNLIKELY……………………………………….…………..…LIKELY 
U 1 2 3 4 5 
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33. On a scale of 1=(not) to 5=(very), how exposed do you feel in relation to your potential for 
litigation related to physical failure of an attenuation pond facility? 
 
UNSURE NOT….………………………………………….…………..………….VERY 
U 1 2 3 4 5 
 
34. On a scale of 1=(weak) to 5=(strong), rate the level of resistance towards the 
implementation of a more rigorous stormwater attenuation policy enforcement policy in 
future? 
 
UNSURE WEAK.………………………………………….…….……..……STRONG 
U 1 2 3 4 5 
 
35. On a scale of 1=(not) to 5=(very), how strongly do you perceive the current, and 
proposed attenuation requirements adequately addressing the issue of stormwater 
control?  
 
UNSURE NOT….………………………………………….…………..………….VERY 
U 1 2 3 4 5 
 
36. On a scale of 1=(none), 5=(extensive), what level of pond rehabilitation do you, as the 
developer, undertake on completion of the development, post construction and prior to 
handover to the Homeowners Association?  
 
UNSURE NONE………………………………….…………..…………...EXTENSIVE 
U 1 2 3 4 5 
 
37. On a scale of 1=(minor) to 5=(major), to what extent do long term maintenance costs for 
stormwater attenuation facilities feature in the design and selection of these facilities 
during planning and feasibility analysis? 
 
UNSURE MINOR……………………………………….…………..………….MAJOR 
U 1 2 3 4 5 
 
38. To what extent do you agree 1=(disagree) to 5=(agree) that the potential maintenance 
costs of private stormwater attenuation ponds will have a marked impact on the financial 
status of the homeowners associations of affected developments?  
 
UNSURE DISAGREE……………………………………….…….………..…AGREE 
U 1 2 3 4 5 
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39. On a scale of 1=(minor), 5=(major), to what extent  do you perceive the presence of 
attenuation ponds in a development having affected the liability of the developer, in terms 
of responsibility for the provision of adequate safety measures?  
 
UNSURE MINOR….………………………………………….…………..…MAJOR 
U 1 2 3 4 5 
 
40. On a scale of 1=(none) to 5=(extensive), what level of information do you as a developer 
disseminate to Managing bodies, with particular regard to the purpose and responsibilities 
relating to attenuation ponds contained within the development?  
 
UNSURE NONE………………………………………….…………..EXTENSIVE 
U 1 2 3 4 5 
 
41. Please allocate a perceived risk level to each of the following elements associated with 
incorporating an attenuation pond into a development on a scale of 1=(low) to 5=(high). 
  
PARAMETER UNSURE LOW….……………………………………………….HIGH 
Maintenance 
Related  Failure U 1 2 3 4 5 
Design Related 
Failure U 1 2 3 4 5 
Flood Risk to 
Neighbours U 1 2 3 4 5 
Adequacy of 
Design Criteria U 1 2 3 4 5 
Danger to 
Development’s 
Residents 
U 1 2 3 4 5 
Catastrophic 
Collapse of 
Pond 
U 1 2 3 4 5 
Pond Related 
Litigation U 1 2 3 4 5 
 
Please fax back completed forms 
Thank you for taking the time to complete this survey, your contribution is much 
appreciated. 
Should you have any questions or require assistance with any aspect of this questionnaire 
please contact the author on the contact details provided 
